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INTRODUCTION 


M any of the plants alluded to in the follow¬ 
ing pages will be familiar not only to 
botanists but to all those who come into contact 
with plants through the medium of a garden. 
It might have been expected that knowledge of 
their peculiarities would be ensured by the 
relative frequency of many of them in cultivation, 
and the interest of the problems their existence 
introduces. It^i^^, however, in the belief that 
they have received less attention than they merit 
that the following pages have been written. 

. The two most comprehensive accounts in 
English bearing on the subject are R. J. Chitten¬ 
den’s article on ' Vegetative Segregation ’ in 
Bibliographia Oenetica, 1927, and a review by 
F. E. Weiss in Biological Reviews, 1930. The 
former of these is a most useful summary of data 
scattered throughout the literature, but, as its 
title indicates, is written from a special point of 
view and does not include or discuss adequately 
all aspects of chimaeral fipi^oinena. The latter, 
apart from its value in providing a general 
account of the problems encountered, is note¬ 
worthy for the excellence of the historical treat¬ 
ment of the ‘ classical ’ examples of graft hybrids 
and chimaeras. Reference to these reviews 
should be made by readers interested in the 
subject, since they contain details necessarily 
omitted here, and in some cases interpretations 
differing from those put forward in the present 
work. 

The most recent general discussion of the 



VI 


PLANT CHIMAEKAS 


subject is that by Krenke whose book, translated 
from Russian into Cierinan under the title Wund- 
kornpensation, Transplantation und Chimdren bei 
Fflanzen, was published during the present year. 

Com])rehcnsive bibliographies are provided in 
the reviews by ('hittenden and Weiss and by 
Krenke : the only references given here are those 
alluded to in the text. 

Much of the material in the ju’csent volume 
formed the subject matter of a course of inter¬ 
collegiate lectures to advanced students of 
botany in the University of London, It is 
believed that the facts are sufficiently arresting 
and many of the examples of such general occur¬ 
rence as to appeal to a wider public, including 
those intelligently interested in plants although 
not themselves botanical specialists. At the 
same time it is considered that study of the 
jdants known as chimaeras and graft hybrids 
illuminates the problems related to growth pro¬ 
cesses in plants to an extent far from appreciated 
by the ordinary botanist. 

Those conversant with the subject will find 
that the interpretations ado])ted of some of the 
phenomena arc unfamiliar : the author accepts 
responsibility and offers no apology for the 
occasional introduction of such original and 
personal views. 

Grateful acknowledgements are due to Dr. 
M. C. Rayner for the reading of proofs and 
criticism of the text. 

Bedford College, W. NEILSON JONES 
London 
December, 1933 
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PLANT CHIMAERAS AND 
GRAFT HYBRIDS 

CHAPTER 1 

PLANT CHIMAERAS AND THE PROBLEMS PRESENTP]D 
BY THPIM, (JONSTRUCTION OF A (H)MPOSITE IN¬ 
DIVIDUAL BY GRAFTING AND THE RELATIONS 
BETWEEN SCION AND STOCK. IMMUNITY RE¬ 
LATIONS IN PLANTS 

T he plants with which the botanist is ordinarily 
called upon to deal are genetically uniform ; 
that is to say, if they could be propagated vegetatively 
from their various organs, it would be immaterial 
which tissue were chosen for the purpose since the 
resulting plants would be similar. 

I This is not universally the case. Investigation has 
shown that a surprisingly large number of plant 
varieties, particularly amongst those of horticultural 
interest, do not possess this supposed uniformity, 
different parts of the plant behaving dissimilarly 
when used to regenerate a complete individual. 

A plant having a composite genetical nature of 
this kind is known as a ‘ chimaera 1 , however the 
composite structure may have arisen ; ^ and there 

^ There is some iucoiisisteiicy in the meaning attacked to 
the term chimaera. Originally the word was us^ by Winkler 
as descriptive of the structure of a particular branch that 
arose in the course of his experiments, and which was built 
up of the tissues of the two plants used. Subsequent to 
Baur’s work there has been a tendency to use ‘ chimaera * 
as implying that the tissue pattern present originated in 
the way suggested by him in his so-called ‘ chimaera hypo¬ 
thesis ’. 

It would seem best to ube the term chimaera in a pui*ely 

1 
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are evidently at least two aspects of such organisms 
which may be considered, the comparatively simple 
one of the morphological structure of the complex, 
and the much more obscure one of the causes respon¬ 
sible for its production. 

It may be noted in passing that the dictionary 
definition of a chimaera is ‘ a fire-breathing mon ster , 
the fore parts of whose body were those of a lion, 
the middle parts those of a goat, and the hinder 
parts those of a dragon The only feature in 
common possessed by the plant chimaeras discussed 
in this volume and the classical chimaera is that of 
composite structure, and even then the mixture of 
types is rather less sensational ! 

IA simple and familiar way of obtaining a plant of 
composite structure is to graft one variety upon 
another. Such a composite individual, consisting of 
scion and stock, is not usually thought of as a chim¬ 
aera, a term employed commonly in a more restricted 
sense. But whether or not we call such a simple case 
a chimaera, it illustrates many of the fundamental 
features shown by all chimaeras and many of the 
physiological problems to which they give rise. \ 

IThe tec^hnicalities of grafting and budding need 
not concern us. The essential thing is that the graft 
or bud consisting of tissues from one plant, the scion, 
is brought into contact with the tissues of another 
plant, the stock, and if the operation is successful the 
two unite to form a single individual. Apart from 
the formation of new tissues, it is obvious that 
protoplasmic connexions must be formed between 

descriptive sense to designate any plant or part of a pladt 
built up of genotypically different tissues however the com¬ 
posite structure may have arisen—to understand by periclinal 
chimaera, for instance, no more than the possession of peri¬ 
clinal chimaeral structure. 

This involves the inclusion of grafted plants under the 
term of chimaera, to which there seems no logical objection. 
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cells of the scion and those of the stock if there is 
to be real nnity and correlation between them. The 
presence of such protoplasmic connexions has been 
demonstrated in a number of cases (Hume 1913).| 
I The proportion of successes in obtaining unions^ 
of this kind depends on a number of factors, some of 
which belong to the environment and others to the 
tissues themselves. Leaving aside the former as 
concerned with the prac^tica] technique of grafting, 
the following features characterize the interrelations 
of the two tissues concerned. 

(a) If the attempt is made to graft a part of a 
plant upon itself, success will be the more likely th(^ 
greater the ease with which the mature tissues become 
meristematic, that is, revert to a juvenile condition 
in whicli the (;ells are without central vacuole and are 
capable of division. Protoplasmic? continuity be¬ 
tween the contiguous cells of scion and stock is 
usually brought ^)out by the? mature cells first under¬ 
going rejuvenescence and subsequently forming new 
cells by division, which cells then establish proto¬ 
plasmic communion with each other. 

(h) If the scion and stock are of different parentage, 
their behaviour becomes complicated by other factors. 

(i) In general, varieties of the same species behave 
similarly to plants of the same parentage : a white- 
flowered rose, for instance, is as easily grafted on a 
red-flowered stock of the same species as is the red- 
flowered form itself. 

(ii) When the scion and stock are more widely 
separated systematically than are varieties, there may 
be greater difficulty in effecting a union, but so many 
factors are involved that the behaviour often appears 
to be inconsistent. The ease or difficulty of inducing 
graft unions, it should be noted, shows no necessary 
relation with the ease with which sexual hybrids can be 
formed: thus, apple and pear do not hybridize but graft 
on one another easily, feome varieties of apple are 
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self-sterile but this finds no reflection in the ease or difiB- 
culty of effecting graft unions, and so ^nr other cases. 

On the whole, the more nearly related systematically 
are scion and stock the more likely is union between 
their tissues to oc^cur. Grafts between genera fre¬ 
quently succeed, (i.g. peach on plum, pear on quince, 
tomato on potato, medlar on hawthorn, sweet chest¬ 
nut on oak, and others, but when the relationship 
is more distant than generic, graft unions cannot be 
brought about. The scion and stock, moreover, 
should not be too dissimilar in vc^getative habit if a 
successful union is to be hoped for ; for instance, 
an herbaceous annual cannot be expected easily to 
form and maintain union with a woody perenniali 

The factors relating to the reactions between sciom 
and stock fall into two groups although not always 
(easily distinguishable; there are mechanical or 
morphological factors relating to such features as 
v(^getative habit, and there are physiological factors 
concerned with the reactions of the two kinds of 
j)rotopla8m on each other, comparable with reactions 
between parasite and hovst—no doiibt the stock may 
fail to unite with the scion for the same sort of reason 
that it resists the invasion of a particular parasite. 
Recent work has served to emphasize the importance 
of factors belonging to the second group (see p. 9). 

The auccessful development of the dual structure, 
in other words, depenxls firstly on compatibility 
between the protoplasms of scion and stock enabling 
the graft to ' take i.e. organic continuity to be 
established by the development and maintenance of 
connecting protoplasmic strands ; and secondly on 
sufficient conformity of growth and physiological 
processes to permit of a balanced development of the 
compound individual. Incompatibility in the latter 
respect is often shown by the stock developing lateral 
buds or basal suckers ; unless the growth of these is 
kept in control the scion is starved and eventually dies. 
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All these factors determining the harmonious 
development njf scion and stock must be equally 
potent in controlling growth of the components that 
make up a chimaera. 

I There are several reasons why propagation by 
grafting may be of great practical value. In the first 
place, reproduction by this means may be more 
rapid than is possible by seed ; secondly, it is posi.^ 
sible to combinci desirable shoot qualities with 
valuable chara(*teristics of root-stock, as when 
varieties of grape of good flavour but with roots 
susceptible to attack by Phylloxera are graftcnl 
on stocks comparatively worthless as to fruit but 
immune to Phylloxera. And thirdly, tlu^ individu¬ 
ality of the original plant from which the scion 
was derived is maintained even though this was of 
mixed parentage. This alone would be suificient to 
account for the fact that most of the good varieties of 
fruit such as apple are propagated by grafting, sintie 
these varieties have a very mixed origin and there 
is no guarantee that from a sowing of hundreds 
of seeds even one plant like th(‘ ])ar(‘nt will be 
obtained.! 

I This last reason has a direct Ix'aring on our problem, 
^since it raises a question which is of importam^e for all 
chimaeras and is seen in its simplest form in the 
relations of scion and stock. This question may be 
stated thus : although the practice of grafting is 
employed in great measure because of the belief that 
scion and stock retain their individual peculiarities, 
how far, in actual fact, do they do so, and how far do 
they influence one another ? 

Horticultural literature is full of instances of the 
effect of stock on scion and vice versa. Careful investi¬ 
gation suggests, however, that the only way in which 
the stock affects the scion is directly through nutri¬ 
tion and especially through water supply, the kind of 
qualities altered being sisSe, time of flowering, fertility,' 
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and so on.^ Apart from these nutritional effects 
there is no interchange of qualities between scion and 
stock, each retaining its own identity intact. Were it 
not so the practice of grafting would lose much of its 
raison d'etre. (See however p. 11.) 

In support of this view may be cited, for example, 
the behaviour of grafts between sunflower {Helianthus 
annuus) and artichoke {H, tuherosus) as investigated 
by Colin (1922). In the former species are found 
starch, cane sugar and of the reducing sugars chiefly 
dextrose ; in the latter, inulin and its derivatives, 
mainly levulose. If chemical analyses of scion and 
stock are made, it is found that, no matter which 
species is playing the role of stock, the sunflower 
part and the artichoke part each continue to produce 
only the (;arbohydrates characteristic of them— 
each, that is to say, retains completely its chemical 
or physiological identity. This agrees with Vdeh- 
ting’s earlier observation (1894) that when artichoke 
is grafted on sunflower, inulin is found only in the 
s(?ion and not in the stock.^ 

How necessary it is to exercise caution in th(' 
interpretation of an experiment is shown by the 
following. If a branch of a green-leaved variety of 
some plant is grafted on a red-leaved stock, it sorne- 

1 F\)r example, ‘ paradise stocks ’ of apple are dwarfs picked 
out from a large sowing of wild forms ; when used as stocjks 
they cause growth of the scion to take the form of low ])yT’a' 
midal bushes, a habit correlated witli the surface rooting 
character of the stocks. Again, most horticultural varieties 
of roses are grafted on briar, manetti, or other wild Hto(*ks since 
their own root systems ai'o frequently very pooj'ly developed. 

2 Biffen (1902) carried out a number of grafting exj>eri- 
ments with various genej-a to test this same point, and found 
no indication that transmission of characters oc(‘urred, with 
one exception. In this, one variety of potato was grafted on 
another with the result tliat tubers were obtained with mixetl 
tissues. This exceptional behaviour was probably due to 
the formation of a chirnaera in the manner of those obtained 
by Winkler with species of Solarium to be described later. 
See also Daniel, 1921. 
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times produces red leaves. The hasty deduction 
might be made that the faculty for producing red 
pigment had been transmitted from stock to scion. 
Such a conclusion would be unwarranted, however, 
for further experiment would show fhat the pro¬ 
duction of red leaves is equally evident when the 
branch is grafted on a green-leaved stock ! Tlie 
development of red pigment in leaves is greatly 
influenced by conditions of water supply, being 
favoured by water scarcity. Scions, especially at 
first, often have poor connexion of water-con ducting 
tissue with the stock and it is for this re'.ason that they 
tend to produce red leaves, the colour of the leaves 
of the stock being entirely irrelevant. Careful 
experiments, such as thovse of Lindemuth (1878) and 
Vochting (1892), carried out on grafts in the genera 
Dahlia and Coleus and in colour varieties of Beta 
vulgaris, show that the pigmented component is not 
able to transmit colour to the non-pigmented one. 

Finally it should be mentioned that some forms of 
variegation appear to be exceptional and to be 
capable of transmission from stock to scion or vice 
versa. This must not be regarded as a true cx(^eption 
to our generalization, however, as variegation of this 
kind seems to be associated always with the presence 
of a virus disease of which it happens to be one of the 
symptoms. What is observed, in fact, is the spread 
of the disease between stock and scion. As an 
example of such infective chlorosis may be men¬ 
tioned ‘ Abutilon Thompson^ \ under whic^h name 
are distributed plants of A. striatum infected with 
a virus whicjli is not acutely harmful, but causes the 
leaves to become mottled. When variegation is not 
associated with a virus, its transmission across the 
graft junction is not observed to take place. 

To summarize : the facts presented in this chapter 
lead to the view that it is possible to c;onstruct a 
plant which will behave as a physiological whole by 
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the union of two separate plants, each differing from 
the other in a number of features ; the separate 
regions of the composite plant will retain their mor¬ 
phological and physiological identity. 

With the knowledge that such relations occur 



between scion and stock, it is not difficult to imagine 
that a growing-point itself might be composite, as 
though formed from two half growing-points grafted 
together longitudinally (Fig. 1), and to predict how 
such a growing-point would behave. From what we 
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Some of the observations recorded in the literature 
devoted to plant pathology are of interest in the 
present connexion. Thus Schiff-Giorgini (1906) 
found that agglutination of Bacillus oleae was brought 
about by sap expressed from tissue of olive taken 
from the neighbourhood of a tumour caused by the 
bacillus. Cappelletti (1923) claimed that an anti¬ 
body causing partial solution of Bacillus radicicola 
occurred in the tissues of a number of leguminous 
species when infected by the bacillus. Heinricher 
(1929) found that the immunity to Yiscum slowly 
ros(^ in Pyrus communis after a plant had become 
infected. It should be added tliat many workers 
hold that such behaviour is not comparable with the 
acquirement of immunity in animals—that it is due 
to the accumulation of metabolic prodin^ts or like 
simple cause rather than th(^ prodiuition of an anti¬ 
body by the host. FurtluT critical work is very 
desirable in this field. 

The difficulty of injec^ting plants with effective 
doses of an antigen in the absence of a circmlatory 
blood system such as occurs in animals, to which 
some would attribute tlie many failures to induce^ 
the production of antibodies in plants, has been 
ingeniously circumvented by Kostoff (1929) by the 
use of grafting methods. In a graft union, constit¬ 
uents of sap interchanged between scion and stock 
may be expected to act as do injected antigens in 
rabbits. A large number of Solanaceous species were 
first tested against one another for natural immunity 
reaction. Two species not showing any mutual 
precipitin reaction were then used as scion and stock, 
and extracts of leaves from each tested against one 
another at five-day intervals. It was found that a 
precipitin reaction began to develop on about the 
twentieth day and increased in intensity up to the 
thirty-fifth day when it remained constant. I Kostoff 
interprets this result as ah indication that substances 
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diffusing across the graft union ajct„.M-Mii^igeiis and 
stimulate the tissues of scion and stock to produce 
antibodies. Furthermore, some intergeneric grafts 
grew relatively well for four or five weeks after 
grafting and then the scion shoots stopped growing 
and soon died. Attempts to graft new scions of the 
same species on the same stock all failed. Since the 
death of the scions coincided approximately with the 
period of greatest antibody production, their death 
and the failure to establish fresh scions on the stock 
is attributed by Kostoff to the production of anti¬ 
bodies in the stock induced by antigens diffusing into 
it from the first series of scions. The irregular 
Tneioses during pollen grain formation that char¬ 
acterize some intergeneric grafts are attributed to the 
same cause (Kostoff 1930). 

If such reactions occur between scion and stock, 
they will obviously be of importance also in relation 
to the components comprising a chimaera, a chimaera 
only being possible between components which do not 
unduly excite their respective tissues to produce 
antibodies. Also, such reactions as the bleaching 
of the hypothetically green skin of Pelargonium, 
‘Happy Thought’ by the core (p. Ill) might be 
interpreted as due to antibodies which interfere with 
the normal metabolism of the component forming 
the skin. 

Whilst Kostoff’s work is most interesting and 
suggestive, the views advanced cannot be regarded 
as established. Other investigators have criticized 
the conclusions drawn and in some cases have failed 
to obtain like results (Silberschmidt 1931, 1932, 1933 ; 
Chester 1932 ; Moritz 1932, 1932a). As emphasized 
by Krenke, while experimental investigation of 
immunity relations is most valuable and important, 
caution is required before transferring all the mach¬ 
inery of animal serological reactions to the plant 
kingdom. | 
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(JKNKHAL DISCUSSION OF THE HYPOTHESIS THAT 
THE CHTMAERAL PATTERN IN A MATURE PLANT 
IS A CONSEQUENCE OF A COHRELATEI) STRUCJTURE 
OF THE GROWING-POINT. TYPES OF CHIMAERAL 
PATTERNS 

B AUR’S ' chimaeral hypothesis ’ explains the^ 
chimaeral patterns met with in the mature partsf 
of certain plants by assuming that the growing- 
points themselves are composite, i.e. the pattern 
found in the mature organ is merely a development 
of the pattern already present at the growing-point. 

The facts considered in the last chapter go to show 
that there is nothing inherently improbable in the 
existence of such compound growing-points, the^ 
components of which are likely to retain each its own 
individuality. Baur's hypothesis thus receives sup¬ 
port on general theoretical grounds. 

During the early years of the present century, tliis 
hypothesis, formulated and vigorously exploited by 
Baur, was challenged by Winkler who carried out a 
series of experiments designed to obtain evidence in 
support of the earlier ‘graft hybrid' hypothesis,j 
the nature of which will be discussed in Chapter III. 

The results derived from these researches will be con¬ 
sidered in detail later, but, since some of them yielded 
unexpected evidence in favour of Baur's hypothesis, 
the rguathods employed will be examined now. 

^The species used by Winkler were tomato {Solanum 
lyco'persicum and black nightshade {Solanum 
nigrum), both of which readily form callus tissue. 
Saddle grafts of tomato on nightshade and of night- 
^ = Lycopersicum eactdentum (Kew Hand-list 1925). 

13 
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shade on tomato were made (Fig. 2, A), and after 
union the junction was cut across transversely 
(Fig. 2, B). The surface thus exposed became quickly 
covered with a pad of callus derived partly from 
tissue of tomato and partly from that of nightshade 
(Fig. 2, C). From this callus arose adventitious buds 
which developed into shoots, the majority of which 
resembled either pure tomato or pure nightshade 
(Fig. 2, D). f 




Fig. 2. —Stages in tlio production of a chiniaeral branch— 
Winkler’s method 
Dotted line indieates iiosition of rut 

n, niKhtsliade ; t, tomato ; n-t, cliimaeral bud. E shows enlargcKi view 
of rigiit-hand bud of D 

In the course of many such experiments, branches 
different from either stock or scion occasionally arose. 
Among the first of such anomalies to be described 
was a branch showing mixed characters, one side 
resembling tomato and the other nightshade. It is 
not difficult to account for the derivation of this type of 
structure, because just as a bud arising from tomato 
callus or from nightshade c^allus will develop into a 
branch of pure tomato or pure nightshade respec¬ 
tively, one arising at the junction between tomato 
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and nightshade callus may be expected to give rise to 
a shoot composed of tissues of both species (Fig. 2, D 
and E). Winkler gave the descriptive name of sec- j 
torial chimaera to this branch to describe its structure.^ ( 

Such chimaeral branches may possess a consider¬ 
able degree of stability, the degree in any particular 
instance depending on the similarity in rate and 
manner of growth of the component parts of the 
growing-point. Where two separate species are . 
involved, as in the case just considered, the stability 
is relatively slight : when the tissues composing the 
growing-point are both derived from the same species, 
as in the example next considered, in which the two 
components differ only in respect to possession of 
chlorophyll, the stability may be considerable. 

We may postpone until later (p. 39) a consideration 
of such other anomalous branches as appeared 
during Ihe course of Winkler’s experiments with 
tomato and nightshade, and turn to a consideration of 
the relation between sectorial and periclinal chimaeras. 
This matter was discussed with admirable clearness 
by Baur in the course of a study of the behaviour of 
a variegated race of Pelargonium —a study which led 
to formulation of his ‘ chimaera hypothesis ’. 

There are many variegated races of the well-known 
bedding ' geranium ’, Pelargonium zonale, differing 
from one another in structure and behaviour. In 
this particular ‘ mosaic race ’ ^ the seedlings possess 
irregular areas of green and white. They develop 
into plants producing spontaneously entirely green 

^ It is of historical interest to note that Darwin (1868, I, 
p, 284) mentions an experiment which he himself repeated in 
which hyacinth bulbs bearing blue and red flowers respectively 
were bisected and the dissimilar halves grafted together with 
the result that inflorescences were obtained bearing blue 
flowers on one side and red on the other. 

2 Obtained by crossing flowers on the entirely green and 
the entirely white brancp.es that appear as bud sports in the 
variety ‘ albomarginata ’ with white margins to its leaves, 
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and entirely colourless branches, each of which 
maintains its character during growth and when 
propagated vegetatively by either grafts or cut¬ 
tings (Fig. 3). The cuttings without chlorophyll 
eventually die, of course, from starvation. The 
same kind of behaviour is exhibited in respect to 
seed reproduction : if a flower on a green branch is 
self-pollinated, the resulting seedlings in the next 
and succeeding generations are all green, whilst a 
flower on a colourless branch if selfed gives rise to 
colourless seedlings only (which die after the food 





Fig. 3.—Seedling stages of Baur’s mosaic race of Pelargonium 
Green tissue shown in black. (After Baur 1030) 


reserves in the seed are exhausted). The green and 
colourless tissues, in short, behave as though the 
green and colourless characters had separated cleanly 
and completely from one another. 

Now the green and colourless branches develop 
from buds formed respectively on green and colour¬ 
less areas of the stem. Buds also arise at the junc¬ 
tion of green and colourless tissues and develop into 
branches having the structure of sectorial chimaeras. 
The mode of formation is precisely the same as in the 
branch of mixed tomato and nightshade to which 
Winkler first applied the term chimaera, but in the 
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present case the manner of origin is more evident 
since the two tissues concerned differ from one 
another in colour. 

A section cut transversely through a branch 
possessing a sectorial arrangement of tissues will 
usually have an appearance somewhat like that 
illustrated in Figure 4, A. The line of junction be¬ 
tween the green and the white tissue is often more or 
less irregular, sometimes excessively so. The nature 



Fi«. 4.—Diagram to iilusirato how from the stem of a soo- 
torial chimaera (A) arise pure green (B), sectorial (C), 
pure white (D), periclinal (E) and mericlinal (F) branches 

of the lateral branches produced by such a shoot 
depends upon their place of origin ; thus a branch 
arising at B will be pure green, one at D entirely 
colourless, while that at C will possess a sectorial 
arrangement of tissues like the parent shoot. 

Of special interest are branches arising in situations 
where a superficial strip of one component overlaps 
the other. If the overlap is extensive and the bud 
arises well within its periphery, the resulting branch 
wiU possess a completely ‘ periclinal ’ arrangement|; 
of the tissues, for example a skin of colourless tissue f 
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over a core of green (Fig. 4, E).^ If, on the other\ 
hand, the overlap is of small extent, or the bud arises 
towards the edge of a wide overlap, then an incom¬ 
plete periclinal shoot will be formed presenting, for 
example, the appearance of a superficial strip or skin 
of colourless tissue running down the side of an other¬ 
wise entirely green branch (Fig. 4, F). An incomplete 
periclinal arrangement of this sort is described as 
‘ mericlinal ’ ^ and is very apt to be mistaken for 
one of true sectorial structure in which the strip of 
genetically different tissue occupies the whole thick¬ 
ness of the branch and not merely a superficial position. 

True sectorial chimaeras are relatively uncom¬ 
mon ; most of the plants recorded as ‘ sectorials ’ 
were probably mericlinal in structure. 

The thickness of the overlap at the junction between 
the two components of a sectorial chimaera deter¬ 
mines the thickness of the periclinal skin of the 
growing-point of any branch arising there—it deter¬ 
mines, indeed, whether a periclinal structure is formed 
at all. If the overlap is thin, there may be only a 
single cell layer—the epidermis—forming the skin. 
Such periclinal chimaeras are spoken of as ‘ mono- 
|chlamydius ’ ® and are usually very stable, much 
more stable than ‘ dichlamydius ’ ^ or ‘ polychla- 
mydius ’ arrangements in which the overlying skin is 
two or more cell layers thick. If the overlap is so 
thick that it includes the deepest-seated tissue drawn 
upon in the organization of a bud, the branch arising 
at the overlap will consist of either (a) one com- 

1 The outer component of a periclinal chimaera is referred 
to throughout as the ‘ skin ’ irrespective of whether it is 
one or several cell lasers thick. The corresponding term 
used to denote the inner compopent is ‘ core ’. 

2 This term was proposed by C. A. Jorgensen (Jorgensen 
and Crane 1927). 

® Sometimes termed ‘ haplochlamydeous ’ or * mono- 
chlamydeous ’. 

* Sometimes termed ‘ diplochlamydeous 
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ponent only, namely that constituting the overlap, or 
(b) both components arranged in a sectorial manner, 
depending upon how near the edge of the overlap the 
bud is sit\iated : a pericUnal structure will arise only 
when the superficial overlapping layer is so thin that 
the underlying tissues are implicated in bud formation. 

Thinning or thickening of the outer skin may 
sometimes occur causing transition from one peri- 
clinal form to another, or in extreme cases may lead 
to the production of a branch of one or other com¬ 
ponent alone. The production of a branch composed 
of outer tissue only is less common than that of one 
consisting of core only. The production of the latter 
can often be encouraged artificially by rubbing away 
the skin and exposing the core which then may 
produce buds : the appearance of such branches in 
nature may result from the removal of the outer skin 
by accidental abrasion. In this way ‘ reversion ’ to 
one or other ‘ parent ’ form, due merely to a redis¬ 
tribution of tissues already present, simulates the 
effect of a ‘ somatic mutation ’ in which a real change 
in cellular constitution has brought into being a new 
kind of tissue. 

Returning to Baur’s interpretation of the forms 
derived from the mosaic variegated race of Pelar¬ 
gonium., the difference between a plant having a one- 
layered colourless skin over a green core and a fully 
green plant can be detected as a rule only by micro¬ 
scopic examination, owing to the fact that, apart 
from the guard cells of the stomata, the ordinary 
epidermal cells of most plants entirely lack chloro¬ 
phyll. There is a similar difficulty in distinguishing 
between a branch with a one-layered green skin over 
a colourless core and a^^vholly colourless branch.^ 

When a plant has a two-layered colourless skin 
over a green core it is readily distinguishable because 

^ III all varieties of Belargonimn zonale, chlorophyll is 
poorly developed or lacking in the guard cells also. 
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the leaf possesses a colourless border. According to 
Baur, this is due to the fact that the border of the 
leaf is formed only from the colourless epidermal and 
sub-epidermal cell layers of the growing-point, the 
latter layer increasing in thickness in this region. 
In a similar manner a plant having two layers of 
green over a colourless core will have leaves showing 
a dark green border and light centre (Fig. 5). 

The characters shown by the offspring resulting 
from self-fertilized flowers of these different types of 
periclinal chimaeras are in full accord with Baur’s 
interpretation of their constitution. Thus, it is well 
known that in Angiosperms the sexual cells are 
formed from initials in a sub-epidermal position ; in 
agreement with this, all types having a green sub- 
epidermal layer produce on self-fertilization green 
seedlings only : those with a sub-epidermal layer 
lacking chlorophyll produce only colourless seedlings. 
For example, a plant having a leaf with a green 
centre’and white border gives rise on self-fertilization 
to seedlings all of which are without chlorophyll, 
in conformity with the view that the parent is a 
periclinal chimaera possessing a skin of two cell 
layers both of which lack chlorophyll. 

Baur’s study of the mosaic variegated race of Pelar¬ 
gonium has shown it to be the source of a number of 
different types distinguishable structurally as green, 
colourless, a sectorial arrangement of green and colour¬ 
less tissues, or a periclinal arrangement in which there 
are one, two or several layers of green tissue over colour¬ 
less tissue or the reverse.^ The behaviour of these 
types and the relations subsisting between them are 
■ consistent with the ‘ chimaera hypothesis ’ of Baur 
which asserts that these tissue arrangements are 
derived from growing-points possessing a correspond¬ 
ing structure. 

^ For additional facts relating to this mosaic race of PeluT'^ 
gonium see p. 24. 



t1 

Fig. 5.—Dichlamydius Polargonium—^Baur’s interpretation 

A-D, green^vOT-'Prtilte ; E~H, white-over-green. A and E. sectioua of 
api^s • B, D» F and H, sections of leaf margins. The shadlnir in A 
B. E and f repre^nts geneticaUy ^een tissue; that in C. d! oind li 

S) chlorophyll 
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This hypothesis, well as it explains the behaviour 
of this mosaic race of Pelargonium and of many 
other plants possessing a chimaeral structure, has 
not escaped criticism, especially on developmental 
grounds. Thus, it has been claimed from stxidies 
on the development of the leaf in several plant species 
(a) that the epidermis of the leaf is derived from the 
outermost layer of the growing-point, and {h) that 
the whole of the rest of the leaf is derived from tlu^ 
sub-epidermal layer only. If it is really possible to 
trace back the whole of the leaf tissues in this way 
to two layers of cells and no more, then, on Baur’s 
hypothesis, the only kind of perielinal arrangement 
that could possibly result from these two layt^rs is the 
monochlamydius one. SiiK^e other perielinal arrange¬ 
ments do in fact occur, Baur’s hypothesis becomes 
untenable if it can be definitely j)roved that only two 
(‘-(dl layers of the growing-point are involved in th(^ 
formation hi' tlio leaf. 

Trustworthy evidence as to the number of cell layers 
taking part in leaf formation is clearly of importance. 
A number of workers have investigated leaf develop¬ 
ment, some having in mind the special problem relat¬ 
ing to chimaeras outlined in the previous paragraph, 
others from quite other points of view ; the lack of 
agreement between investigators is testimony to the 
uncertainty attaching to their various interpretations. 

Thus Noack (1922), working with Pelargonium, 
zonale, Solanum ^roteus and Cratckego-mespilus Dar- 
(lari, stated that only the epidermis and sub-epidermal 
tissues of the growing-point took part in leaf for¬ 
mation. Kjrumbholz (1925) did not consider any 
such generalization could be made, in which he was 
supported by Lange (1927). Krumbholz found, for 
example, that even varieties of a single species, e.g. 
Pelargonium zoimle, behaved differently. In the 
green form of P. zomde called ‘ Distinction ^ the sub- 
epidermal cell layer of the leaf initial divides at a very 
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early stage and may possibly provide the whole of the 
tissue of the mature leaf apart from the epidermis ; 
in other varieties, such as the white-margined variety 
‘ Mme Salleron V the third meristematic layer also 
contributes substantially to the leaf tissue. It is 
suggested that Noack’s conclusions may have been 
due to his observations having been carried out on 
young plants, in which the conditions at the growing- 
point may be different. 

Flot (1894) makes the generalization that in 
monocotyledons all leaf tissues arise from the epider¬ 
mal and sub-epidejcmal layers of the meristem, which 
should permit the occurrence of monochlamydius 
but not dichlamydius periclinals ; while Rosier (1928) 
(.‘laims that in grasses the leaves are formed entirely 
from the dermatogen or outermost layer of the 
meristem, which should preclude the formation of a 
periclinal chimaera at all in the manner suggested by 
Baur. Considered as a whole, the evidence derived 
by different workers from anatomical examination of 
developing leaves does not appear to be sufficiently 
consistent to warrant any generalization as to the 
number of cell layers involved in leaf formation, 
nor does it justify the abandonment of Baur’s explan¬ 
ation where this seems appropriate and there is no 
specific evidence" to the contrary. 

On the other hand, there will be occasion later to 
refer to variegated plants in which the pattern of the 
mature tissues coxild not possibly have arisen, so far 
as can be judged, from the development of a growing- 
point possessing a similar pattern, however many 
cell layers were involved (p. 120). The mechanism 

^ The name of this variety is given variously as ‘ Mme 
Salleron ‘ Mme Salleroi ‘ Mme Salleroy ‘ Mme Salleray 
&c. Krumbholz uses the last, but the first is the correct 
form since Dauthenay (Les Geraniums, Paris 1897) states 
that the variety arose as a,sport from ‘ Mangles Variegated ’ 
in the garden of Mme Salleron in 1877. 
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suggested by Baur, therefore, cannot be the only 
one by which patterns of chlorophyll* distribution 
are produced. 

To sum up the more important matters dealt with 
in this chapter. Winkler’s experiments with species 
of Solanum demonstrate the possibility of forming a 
chimaera artificially by direct apposition of two 
different kinds of tissue. Such sectorial chimaeras 
tend to give rise to branches pure for either com¬ 
ponent and also to undergo change to a periclinal 
arrangement of the constituent tissues. Reasons for 
this behaviour were suggested by Baur as a result of 
his investigations on a variegated mosaic race of 
Pelargonium, zonale. Although there is no reason for 
believing that the same arguments cannot be applied 
to cases such as Winkler’s Solanumsy it must be 
remembered that Baur’s mosaic race of Pelargonium 
originated as a seed hybrid and not as a result of 
grafting, and also that it concerns a plastid character, 
the mode of inheritance of wliich is sometimes, though 
not always, different from that of other characters. 

This mosaic race of Pelargonium has played such a 
prominent part in the development of ideas regarding 
chimaeral behaviour that further discussion of its 
peculiarities is called for. 

It has been mentioned that flowers borne on wholly 
green branches when self-pollinated give rise to green 
offspring, while the self-poUination of flowers borne 
on wholly colourless branches results in colourless 
seedlings only (p, 16). Now Baur discovered that 
if a flower on a green branch is cross-polhnated 
from a flower on a colourless branch, or if the recip¬ 
rocal cross is made, the resulting seeds give rise to 
mosaic seedlings : these, in the course of growth, 
produce green, colourless and chimaeral branches. 
The complete behaviour of the mosaic race under 
different methods of propagation is summarized in 
the accompanying diagram (Fig. 6). 
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Baur’s explanation for this behaviour is as follows : 

(1) The plastids are of two kinds, those which can 
produce chlorophyll and become green, and those 
which cannot do so and remain colourless. 


Stable Stable 

Green White 



Fig. 6.—Diagram illustrating results of propagating varie¬ 
gated Pelargonium in different ways anti from different 
parts 


(2) Either kind of plastid arises only from the 
division of previously existing similar plastids; 
neither can be formed de novo by the protoplasm, 

(3) Plastids are carried by both male and female 
sex-cells. Hence, in a cross between the green and 
white forms of plant, one sex-cell will carry the green 
type of plastid ^ and the other sex-cell the colourless 

^ For the sake of brevity, plastids or tissues are referred 
to throughout as ‘ green ’ whether the green colour is actual 
or potential. For examj51e, under such convention the 

3 
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type, with the result that the fertilized egg cell will 
contain both types of plastid. This fertilized egg 
cell develops into the embryo plant as a result of 
numerous cell divisions ; the plastids meanwhile also 
divide and are distributed among the daughter cells. 

Failing an effective mixing mechanism, cells con¬ 
taining both types of plastid, in course of cell divisions, 
tend inevitably to give rise to cells containing one 
type only, either all green or all colourless ; whilst 
once a cell contains one kind of plastid, it can give 
rise only to cells like itself (Fig. 7). 



Fig. 7.—Segi*egation of green and colourless plastids during 
cell division 

A newly formed plastid is indicated by a dot placed near it on the Bide 
facing the plasUd from which it was derived. 

Thus, when a great number of cell divisions are 
involved as in the development of an embryo plant, 
cells containing green plastids only and cells con¬ 
taining colourless plastids only must become relatively 
immensely more numerous than cells containing both 
kinds of plastid. Sooner or later, therefore, the 
hybrid will consist exclusively of groups of green 
cells mixed with groups of colourless cells. 

This hypothesis accounts for all the relevant facts. ) 
The first two premises would be accepted by any i 
botanist. The third, however, runs counter to the 
orthodox view that the contribution from the pollen 

growing-point of a dichlamydius green-over-white periolinal 
chimaera can be described as composed of two green layers 
over a colourless core, whereas actually it consists of entirely 
colourless tissue of which the two outer layers give rise to 
products which, under suitable conditions, can develop 
chlorophyll, whilst the products of the core are unable to do so. 
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grain at fertilization is limited to nuclear material and' 
that the cytoplasm with its inclusions such as plastidsj 
does not play any part in the fertilization process. 

While this view is still held-^no doubt correctly— 
in respect to normal behaviour, evidence is not 
wanting that cytoplasm, no doubt with included 
plastids, does sometimes pass from the pollen grain 
into the egg cell at fertilization. Thus, Blackman 
(1898) observed that in Firms sylvestris cytoplasm 
passed over from the pollen tube into the ovum. 
Ishikawa (1918) in a study of the fertilization process 
of Oenothera found that the starch grains in the 
pollen grain migrate with cytoplasm through the 
pollen tube and enter the embryosac. Ruhland and 
Wetzel (1924) demonstrated plastids associated with 
the generative cells in the pollen tube of lupin and 
of some other plants, and they infer that these enter 
the embryosac. In lower plants, such as the algae, 
contribution of cytoplasm and plastids by the male 
cell at fertihzation is of frequent occurrence. 

It wiU be noted that this hypothesis depends for its 
acceptance on an admission that inheritance takes 
place in this particular kind of variegation by direct 
distribution of the plastids themselves. Presumably 
such a type of inheritance can occur only in relation 
to plastids. A similar type of non-Mendehan bi- 
parental inheritance of variegation has been recorded 
in Cap8icu7n (Ikeno 1917), Chlorophytum (Collins 1922), 
and in Oenothera (Renner 1924) ; in all these cases 
there is probably transmission of plastids by the pollen. 
All the other characters of Pelargonium investigated, 
such as flower colour and so on, show the normal 
Mendelian ratios associated with nuclear inheritance. 

Instances of purely maternal inheritance of parti¬ 
cular t 3 q)es. of variegation are also known, e.g. in 
Mirabilis (Correns 1902, 1909), Antirrhinum (Baur 
1910), Primula (Gregory 1915), &c. This behaviour 
may be interpreted either as due to direct plastid 
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inheritance with all plastids derived from the seed 
parent and none from the pollen parent (Winge 1919), 
or as cases of cytoplasmic inheritance, action of the 
cytoplasm on the plastids being secondary (Oorrens 
1909a). 

It should be noted, moreover, that variegation in 
a number of instances is inherited as a Mendelian 
factor, usually as a simple recessive to green, behaving 
as though carried in the nucleus. Some of these 
varieties are perfectly stable, such as the alhopuU 
verulea varieties of tlie garden ‘ Nasturtium ’, Tro- 
paeolum major and T, mirvor, in which the variegation 
has the form of a fine mosaic of green and white. 
Others, such as variegated varieties of Aquilegia 
(Baur 1910), Flantago (Ikeno 1917a), &c., are un¬ 
stable, producing occasional green branch(\s and green 
seedlings, but ‘ there is no reason to doubt that these 
variegata types are Mendelian varieties ' (Chittenden 
1927). 

We are not concerned here directly with variegated 
varieties which do not owe their variegation to a 
chimaeral structure, but it is important to emphasize 
the fact that a jjlant with variegated leaves, even if 
the variegation shows a more or less regular pattern, 
must not be assumed to be a chimaera without some 
proof that the green and white areas differ genetically ; 
the variegation may be the result of that normal 
differentiation of tissues during growth by which 
patterns of various kinds may be formed without the 
parts of such patterns showing genetical differences. 
Variegation may also be a symptom of a virus disease. 
Failure to reahze that similar types of variegation 
may be due to several entirely different causes may 
obviouwsly lead to incorrect inferences. In patterns 
other than those concerned with the distribution of 
green and colourless tissues (to which the term 
variegation is usually confined) the same effect like¬ 
wise may be produced by different causes. 
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THE ‘CRAFT HYBlUl) ’ HYPOTHESIS. niE 0(TTTR. 
HENCE OF ORDERLY SOMATR^ SEORECATION 
DURlN'd (HiOWTH 

U P to tHis point attention has been focused on 
three aspects of our subject: (1) plants built 
up of genetically different components arranged in 
various well-defined patterns are known to occur 
and have been named chimaeras ; (2) in the mature 
organs of such plants the arrangement of the com¬ 
ponents may be a direct consequence of a correspond¬ 
ing arrangement at the growing-points ; (3) such 

composite growing-points may be formed following a 
grafting operation. 

I In the present chapter the ‘ graft hybrid ’ hypo¬ 
thesis, an entirely different interpretation of the 
facts, is subjected to examination. In its most 
plausible form this assumes a fusion between vegeta¬ 
tive nuclei of scion and stock resulting in the pro¬ 
duction of a homogeneous ‘ hybrid ’ growing-point. 
In those cases in which the mature organs possess a 
chimaeral structure, the latter is believed to be a 
consequence of somatic segregation taking place 
during development from the homogeneous growing- 
point, instead of being attributable to the normal 
meristematic activity of a growing-point already 
possessing a chimaeral structure. 

The nature of ' graft hybrids ’ has been conceived 
so differently by different workers, and often with 
such a lack of precision, that it is impossible to know 
exactly what is implied in any given case without 
further definition. ^ 

In respect to grafts in general, it is the accepted 
29 
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view amongst those who have studied this question at 
first hand that the tissues of scion and stock each 
retain their own individual characteristics. In certain 
special cases, however, some authorities would be pre¬ 
pared to concede that the two tissues might become 
‘ blended ’ to form a true ' graft hybrid Of this 
view the most clearly expressed version is the belief 
that a graft hybrid results from fusion of vegetative 
nuclei of scion and stock in a manner analogous to 
that by which fusion between gametes or sex-cells 
gives rise to a seed hybrid. A graft hybrid arising 
in this way is sometimes distinguished as a ‘ burdo 
Whilst a case may be argued for the existence of this 
type of graft hybrid, little support can be found for 
the nebulous conception of a graft hybrid combining 
qualities of scion and stock without the occurrence 
of nuclear fusion, in spite of the fact that /nany 
observers have subscribed to some such ideai 
|Thus Daniel described many cases in which, as a 
result of grafting, a shoot was produced combining 
characters of scion and stock, and he considers such 
variations may be inherited. He believes also that, 
following a grafting operation, new varieties may 
appear which show characters not present in either 
scion or stock. A special grafting technique was 
devised—‘ le greffe mixte ’—by which shoots of the 
stock just below the insertion of the scion were 
encouraged to develop instead of being removed as 
is the usual practice. This, he believes, increases the 
influence of the stock on the scion and so the likelihood 
of obtaining graft hybrids. I 
DanieTs views on the mutual influence of scion and 
stock are not in accord with those noted as having 
met with general acceptance (p. 5). It is usual to 
regard any variations from the normal shown by a 
scion as an effect of disturbed nutrition and almost 
certainly not inherited. The appearance of new 
varieties among the seed progeny of scions may be 
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ascribed to disturbaru^e of nuclear division during 
the formation of the gametes, induced by inter¬ 
ference with normal nutrition or special conditional 
of the environment, or possibly the development on 
specific antibodies (p. 12). 

{ Investigation has likewise failed to yield facts in, 
support of Strasburger’s conception of a ' hyper- 
chimaera in which it was supposed that an intimate 
interpenetration of the two kinds of tissue existed 
in the form of a fine mosaic. It was suggested that 
the specific influences of the respective nu(^lei were 
exerted upon neighbouring cells. Tissues consisting 
of such an intimate mixture of genetically different 
kinds of cells would therefore show a blending of char¬ 
acters (jomparablo to, although less marked than, that 
occurring in a sexual hybrid, in which the two kinds 
of nuclear material are contained within a single cell. 

There are two things to be said in favour of a 
graft hybrid conceived as a special form of plant—^or 
Imrdo—resulting from vegetative nuclear fusions 
between scion and stock ; in the first place the 
conception is perfectly clear and definite; secondly, 
as will be argued later, there is nothing in such a 
conception that is impossible on theoretical grounds. 
In the following pages the term ‘ graft hybrid ’ will 
be used with this significance unless otherwise stated. 

Of all the protagonists of the hypothesis that 
fusions of vegetative nuclei take place and result 
in the production of graft hybrids Professor Lucien 
Daniel is perhaps the most conspicuous. He has 
had an unusually wide experience of grafting ex¬ 
periments and has written extensively on the sub¬ 
ject, although many of his views would not meet with 
general acceptance among botanists. The following 
attempt to put the graft hybrid concept into a 
generalized and logical form consistent with current 
botanical tenets embpdies the morp concrete of the 
views he has expressed in his writings, i 
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tin the first place it is suggested that there is no 
justification for regarding seecl hybrids, graft hybrids 
and chimaeras as fundamentally different types—all 
such being the result of the union of two plant strains 
by nuclear fusion. Secondly, it is considered that 
strains so united may behave in either of two ways : 
they may blend completely, or they may separate 
subsequently to form a coarser or finer mosaic. 

If a nuclear fusion is the result of the union of 
gametes or sex-cells, the product is called a seed 
hybrid ; if it is the result of fusion between two 
vegetative cells derived respectively from the scion 
and stock of a graft, it would be called by analogy 
a graft hybrid.} 

jNow two strains that become united at fertilization 
normally become blended so that the resulting plant 
is genetically uniform and shows hybrid characters 
which are often between those shown by the two 
parents. The same is considen^d to be true respeciting 
the graft hybrid, which may be genetically uniform 
and show characters between scion and stock.} 

On the other hand, in exceptional cases, some of 
the characters united at fertilization may not become 
so harmoniously blended as to constitute an homo¬ 
geneous intermediate type, but may separate into cell 
groups differing genetically from one another. Daniel 
cites the ca@e of the variegated mosaic race of Pelar¬ 
gonium, worked at by Baur which played a large part 
in the arguments used by the latter to support his 
chimaera hypothesis. Here, instead of the parental 
characters ‘ harmonizing ’ and blending to form a 
uniform intermediate type, there is vegetative segre¬ 
gation to produce a seedling composed of a mosaic 
of green and colourless tissue, from which green, 
colourless and chimaera! branches arise in the manner 
described by Baur. In an exactly analogous way, 
when the fusion has been between vegetative cells, 
the characters so brought together may not ‘ bar* 
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monize with the result that a chimaeral structiin*, 
built up of geneticially unlike tissues, may eventually 
develop. In short, a ehirnaeral structure is regarded 
as the result of a special kind of development which 
may affect seed hybrids and graft hybrids alike. 

How far this hypothesis is a serious rival to the 
‘ chimaera hypothesis ’ can be best judged by seeing 
how far it is supported by observation and experi¬ 
ment. Evidently it depends upon two fundamental 
premises : (1) that a preliminary fusion always 

occurs, and (2) that, in cases in which a chimaeral 
pattern develops, regular segregation of parental 
factors takes place during vegetative growth. 

Now there is evidence that an orderly separation 
during vegetative growth (somatic segregation) of 
factors brought together at sexual fusion does take 
place in some cases. Baur’s mosaic race of Pelar¬ 
gonium, which has already been cited, might not by 
itself justify such an opinion since the characters 
concerned relate to plastids, but other examples to 
which this objection cannot be raised will be referred 
to at the end of this chapter. If this is so for a 
fusion of sex-cells, there seems no reason to doubt 
that, given a fusion between two vegetative cells, a 
similar segregation of factors so brought together 
would be possible. 

Thus, there is no serious theoretical objection to the 
second premise of the hypothesis—that a chimaeral 
pattern may sometimes be formed by somatic segre¬ 
gation if graft hybrids are formed by vegetative 
fusions. The objection is rather to the first, and is 
the practical one that hitherto no certain evidence 
has been offered that vegetative fusions between 
genetically dissimilar neighbouring cells do in fact 
occur. The difficulties in demonstrating such an 
occurrence directly are obviously immense, and it is 
hardly surprising that, direct evidence is not avail¬ 
able ; but, up to the present, indirect evidence based. 
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on chromosome numbers has been also entirely lack¬ 
ing, or, if offered, is capable of alternative and more 
probable explanation (p. 46). While the occurrence 
of nuclear fusion between two genetically dissimilar 
vegetative cells leading to the production of a graft 
hybrid is not theoretically impossible, such fusion is 
certainly exceptional and still awaits demonstration. 

The existence of graft hybrids therefore may be 
regarded as theoretically possible and the conception 
useful as a working hypothesis ; at the same time, 
although the reality of their existence may not be 
definitely disproved by any known facts, it yet 
lacks positive support from unimpeachable evidence. 
It may be claimed that the behaviour of some plants 
is not inconsistent with such an explanation : all 
such cases hitherto recorded, however, admit of 
alternative interpretation. In fact the arguments 
that have been brought forward in support of the 
possible existence of graft hybrids, whether genetically 
uniform or showing genetical segregation into a 
chimaeral pattern, only establish a theoretical possi¬ 
bility for their existence and do not seriously invalid¬ 
ate the chimaera hypothesis. As Baur (1930) says, the 
burdo is at present an entirely hypothetical structure. 

The male and female gametes or sex-cells borne by 
pollen grains and ovules, each carry factors or capa¬ 
cities derived from the respective parents. These 
factors combine at fertilization and under normal cir¬ 
cumstances do not segregate until the formation of 
gametes, or at a stage immediately preceding this. 
(Upon this segregation amongst the gametes the 
characteristic Mendehan ratios obtained in breeding 
depend.) Following from this is the implication that 
every cell formed by the plant before the production 
of gametes contains all the factors contributed by 
both parents at fertilization. Instances are now 
known, however, in which it* seems probable that 
segregation occurs at an earlier stage in the life history 
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of th(i plant than the formation of gametes, with 
the result that some of the later produced tissues may 
differ in genetical content from those formed earlier. 

I Apart from the irregular genetical mosaics pro¬ 
duced by disorderly somatic segregation as discussed, 
for example, by Eyster (1924,1925,1928) in maize and 
Verbena and by Demerec (1931) in Delphinium, there 
is some evidence that a more orderly segregation 
during growth may occur such as the graft hybrid 
hypothesis requires if it is to account for the exist¬ 
ence of formal chimaeral patterns. Such an orderly 
segregation has been held to account for the behaviour 
of the cross between normal and ‘ rogue ’ peas 
(Bateson and Pellew 1915).jf 

When grown on a large scale, many varieties of 
culinary peas are found to throw a small proportion 
of ‘ rogues distinguished from the typo by their 
smaller and narrower leaves and stipules and by a 
different shape of fruit. 

When a type plant is crossed with a rogue plant, 
whichever is used as seed parent, the resulting seed 
on germination gives rise to seedlings which at first 
resemble the type. As growth proceeds, however, 
organs of more and more rogue-like character are 
produced until the upper part of a fully grown plant 
appears to be entirely rogue. 

The behaviour suggests that segregation of the 
factors determining type and rogue characters occurs 
during growth, in such manner that the former are 
distributed chiefly at the base of the plant and the 
latter at the apex. In other words, vegetative segre¬ 
gation has given rise, not to a sectorial or periclinal 
pattern, but to a vertical linear distribution of the 
parental characters. 

In this case, proof can be obtained that genetical 
segregation accompanies the changes in appearance 
that take place in the course of vegetative growth: 
for if the flowers from below upwards are self- 
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pollinated and th(i resulting seeds from each fruit 
collected and sown separately, then those from the 
basal region produce mainly plants resembling the 
type parent, those from the youngest region give rise 
to plants exactly like the rogue parent, wliile those 
from the intermediate regions show (characters coni- 
inon to both type and rogue. ^ 

I The behaviour of hybrids obtained by crossing 
Polish and Rivet wheats, which have white and grey 
glumes respectively, may be interpreted in a similar 
way (Biffen 19lb). In this case the mouse-grey 
colour characteristic of Rivet glumes was completely 
lost after the second generation, recalling the loss of 
the type characters in the pea crc»ss. 

In conclusion, attecntion may be called to a curious 
phenomenon sometimes observed when plants are 
propagated vegetatively which simulates the results 
of somatic segregation although probably having no 
real analogy with cases such as those just described. 
The behaviour in question relates to the different 
results obtained when a plant is propagated as a 
cutting from the main axis and from a lateral shoot. 
The effect is well seen in many conifers (Stewart 1932) 
and in very marked degree in Gardenia anioena 
(Stewart 1924). In these cases the plant derived 
from a lateral shoot retains any special morphological 
features possessed by the lateral branches of the 
species, as well as a tendency to grow horizontally 
instead of vertically. Nevertheless, since any adven¬ 
titious buds, such as are formed from wound callus, 
may show complete reversion to the characters of the 
main shoot, the differences between main and lateral 
shoots would appear not to be the result of somatic 
segregation during growth. Explanation of this 
behaviour awaits a clearer understanding of the 
mechanism controlling differentiation of organs and 
tissues dtiring ordinary growth. \ 

^ Cf. Darlington, 1929, for alternative explanation. 
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THE SOLA Nil M OHIMAEHAS OF WINKLER, OF JORG¬ 
ENSEN AND CRANE, AND OF KRENKE 

T he previous chapters have aimed at providing 
a point of view respecting the kind of associa¬ 
tions or unions that are possible and probable in the 
building up of chimaeras or graft hybrids, the likely 
modes of origin of such organisms, and the ways in 
wliich they may be expected to behave. Instead of a 
detailed study of actual examples, followed by an 
attempt to frame hypotheses to account for the 
observed behaviour, the subject has been first 
approached on the theoretical side and the various 
arrangements of the components that are possible 
and likely to occur deduced from consideration of the 
mutual relations and reactions known to subsist 
between living cells and tissues. The detailed 
phenomena met with in the plants themselves are so 
diverse and often so unexpected that without the 
thread of some hypothesis to guide him the reader 
might become bewildered and lose his way. It is 
not suggested that the two hypotheses already dis¬ 
cussed will cover all cases ; as the sequel will show, 
most if not all of the chimaeras appearing spon¬ 
taneously in nature lie partly outside them, but they 
should provide the reader with a method of approach 
and enable him to arrange in some sort of perspective 
many of the diverse facts now to be described which 
might otherwise appear to have little in common. 
If this proves to be the case the order of presentation 
^dopted will have been justified. 

While chimaeras do arise spontaneously in nature, 
37 
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the majority of those that have been investigated are 
of experimental or horticultural origin, and this is 
probably true of all ostensible graft hybrids. Chi- 
maeras that arise as the immediate result of grafting 
or similar operation are sometimes referred to as 
‘ S 3 nithetic" or ‘ artificial' in distinction to those called 
‘ autonomous ’ or ‘ natural ’ which appear to arise 
spontaneously whether in wild or cultivated plants 
(Frost 1926). 

Chimaeras may also be subdivided, according to 
the causes leading to their production, into graft 
chimaeras, stimulation chimaeras, and hybridization 
chimaeras (Krenke 1933). 

Among the results most susceptible of clear inter¬ 
pretation are those obtained by Winkler from experi¬ 
ments carried out at Tubingen on the production of 
graft chimaeras in species of Solanu7n. Winkler's 
object was to produce forms similar to Cytisus Adami 
between species of other genera : he hoped inci¬ 
dentally to obtain support for the graft hybrid 
hypothesis. Tomato {Solanum lycopersicum) and 
nightshade {S. nigrum) were chosen because they 
show many obvious morphological differences and 
both are readily propagated vegetatively. 

The experiments consisted in making a saddle 
graft of one species on the other and, after union, 
cutting back the scion at the region of junction 
(see p, 14). The exposed surface became covered 
with callus derived from the two components, and 
from this callus adventitious buds developed. Most 
of these buds grew into shoots composed entirely 
either of tomato or of nightshade tissue, but a few 
showed anomalous features. 

The first of the abnormal branches to arise appeared 
to have one side composed of tomato and the other 
of nightshade tissue. This Winkler referred to as a 
‘ chimaera ’: it would now be .termed a ‘ sectorial 
chimaera I 
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In later experiments, buds developed giving rise to 
shoots in which the characters of tomato and night¬ 
shade were combined to produce intermediate types 
of structure rather than associated unchanged as in a 
sectorial chimaera. In all, five kinds of such shoots 
were recorded and named respectively Solanum 
tubingense, S, Koelrenterianum, S. proteus, S, Gaert^ 
nerianum and S, Darwinianum (Fig. 8). All of these 
were regarded by Winkler as graft hybrids, that is 
to say, the result of fusion between vegetative nuclei 
of tomato and nightshade. The first, third and fifth 



1, Solanum Ipcopersicum ; n, S, nigrum ; K, S. KoelreuterianwnJ,— S.l-S.n 
(i)); t, S. tubingfi7i86 (= S.n-S.l (i)) 


arose when nightshade had been used as stock, the 
second and fourth when the stock was tomato. In 
each, efforts were made to obtain seed following 
self-pollination ; attempts were also made to hybridize 
the different forms ; inasmuch as study of these 
hybrids does not modify the conclusions derived 
from self-pollination experiments, further considera¬ 
tion of them here is unnecessary. 

On Winkler’s interpretation the difficulty of 
accounting for so many different forms at once 
presents itself. Were,these true graft hybrids, the 
appearance of one or at most two new types might 
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have been anticipated; in actual fact five new 
types appeared. Baur, disagreeing with Winkler, 
urged that these plants were periclinal chimaeras, a 
view with which Winkler eventually concurred so far 
as the first four are concerned. The constitutions 







so 

5, 


S. Proteus 

Fig. 9. —Diagram to illustrate the structure of four of Wink¬ 
ler’s Solanum chimaeras 
liight shading, tomato ; heavy shading, nightsiiade 


assigned to these four plants by Baur was as follows 
(see Fig. 9) ; 

S, tnbingense —one cell layer tomato over core nightshade. 

S, Koelreuterianum —one cell layer of nigVitshade over a 
core of tomato. 

S. proteus —two cell layers of tomato over a core of night r 
shade. 
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S. Gaertnerianum —two cell layers of nightshade over a 
core of tomato. 

This view is supported by the following evidence : 

(а) The leaves of 8, tvbingense resemble those of 
nightshade in shape but bear coarse hairs like those 
on tomato ; 8. Koelreuterianum shows the converse 
leaf characters—shape approximating to leaf of 
tomato but surface features to those of nightshade 
(Fig. 8). Similarly, the epidermal characters of 
8, proteus and 8. Oaertnerianum are such as would 
be expected if they possessed a skin of tomato and 
nightshade respectively, the leaf shapes on the con¬ 
trary favouring nightshade and tomato. Compared 
with the former pair, however, the leaf shapes of 
8, proteus and 8, Gaertnerianum showed a greater 
influence of the hypothetical skin : this would be 
expected if the skin were composed of two layers of 
(ells. 

(б) In periclinal chimaeras, reversion to the core 
tissue occurs more frequently than the reverse 
behaviour and abrasion of the surface encourages 
the production of such reversionary branches (p. 19). 
In the plants under consideration, superficial injury 
leads often to production of a branch, either pure 
tomato or pure nightshade, according to whichever 
in the above scheme constitutes the hypothetical core. 

(c) It has been mentioned that investigations on 
many plants have been carried out to ascertain how 
many cell layers at the growing-point are concerned 
with formation of the leaf (p. 22). Under Winkler’s 
direction the leaf development of three of the new 
8olanum forms together with that of the constituent 
species—^tomato and nightshade—^was investigated 
by Mayer-Alberti (1924). This examination con- 
finned the periclinal structure of 8. tuhingense, 
8. proteus and 8, Koelreutermnum. A further and 
more detailed comparative account of the develop¬ 
ment and structure of all four 8olanum chimaeras 
4 
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as well as of the two parent species was published by 
Lange in 1927. He found it was possible to dis¬ 
tinguish the tissues of tomato from those of night¬ 
shade not only by size and shape of cells and size 
of nuclei, but by staining reactions—double staining 
with tannin followed by ferrous chloride and safranin 
gave nuclei dark brown to black in nightshade tissues 
and reddish grey in tomato. 

By these means he was able to determine the 
periclinal character of the growing-points of Winkler’s 
Solanum forms, his conclusions contradicting those of 
Noack (1922) and agreeing with those of Mayer- 
Alberti (1924) and Krumbholz (1925). The two types 
of cells making up the periclinal chimat>ras (‘orrespond 
in character with those of tomato and nightshad(\ 

{d) When capable of forming fertile sc^ed, self- 
pollination in the four types always gives rise to 
pure descendants, cither tomato or nightshade, as 
follows : 

8. tuhingense —seedlings indistinguishable from nightshade. 

8. Koelreuterianum —sets no fmits. 

8. proteus —seedlings indistinguishable from tomato. 

8. Oaertnerianum—~BoodVu\g(i indistinguishable from night¬ 
shade. 

Recalling that reproductive cells in angiosperms 
are derived from the sub-epidermal cell layer, ^ these 

^ In some cases the dermatogen may undergo periclinal 
division and the archesporium arise from the sub-epidermal 
layer so formed. Thus Johow (1889) found in Voyria that 
the whole nucellus was derived from the dermatogen ; 
Furlani (1904) and Heilmann-Winawor (1919) observed the 
origin of the embryosac mother cell from the same source 
in Colchicum autumnale, Schniewind-Thies (1901) observed 
the same in Scilla siberica and Afzelius (1916) also in Oncidium 
praetatum; Umiker (1920) in Helosis guyanensis traced the 
origin of the whole flower to the dermatogen. 

The offspring from a monochlamydius chimaera in any of 
these species would be identical, presumably, with the com¬ 
ponent forming the skin. Such cases are very exceptional; 
normally the archesporium arises from the layer immediately 
below the dermatogen. 
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results confirm Baur’s conclusions in a remarkable 
manner, since this layer is either the outermost layer 
of the core or the inner layer of a two-layered skin, 
according to the plant concerned (see Fig. 9). 

{e) Confirmatory evidence of an overwhelming kind 
is provided by examination of the nuclear structure. 
In course of division, the nucleus gives rise to units, 
the chromosomes, the number of whidi is character¬ 
istic for any species. In tomato, the number of 
chromosomes that appear at nuclear division in the 
nuclei of the gametes and certain associated cells is 
12 {n ™ 12) ; the corresponding number in the 
vegetative or somatic tissues is 24 (2n ~ 24). The 
somatic number in nightshade is 72 {2n ~ 72), the 
numb(T in tbe pollen grains being 3(> [n = 30). 
Hence, the number of chromosomes observable in 
the dividing nuclei is an important criterion in dis¬ 
tinguishing betwe(ni the tissues of these two spc^cies. 

Now, if these experimental plants of Winkler are 
periclinal chimaeras, the nuclei of the vegetative 
tissues should contain either 24 or 72 chromosomes 
and those of the pollen grains 12 or 36 ; if, on the 
other hand, they are graft hybrids arising from the 
fusion of vegetative^ nuclei of tomato and nightshade, 
the corresponding numbers for the vegetative tissues 
and pollen grains should be respectively 96 (™ 24 -f- 
72) and 48. 

Cytological examination shows that the nuclei of 
the pollen grains of S, tuhingense and S. Gaertmrianuw^ 
have 36 chromosomes and those of 8. Koelreuterianum 
and 8. proteus have 12, numbers consistent with the 
hypothetical nature ascribed by Baur to the sub- 
epidermal layer in each case. 

Investigation of the vegetative tissues yields cor¬ 
responding data, thus providing further convincing 
proof of the periclinal nature of these plants. 

\ 

The fifth type, 8. Darwinianum, no longer in 
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existence, is more difficult of interpretation. The leaf 
shape was intermediate between tomato and night¬ 
shade, the epidermis resembling that of nightshade. 
The fruit produced as a result of self-pollination was 
rather larger than that of nightshade and coloured 
red with a tinge of blue ; unfortunately no fertile 
seed was obtained. In these characteristics there is 
nothing indicative of chimaeral rather than graft- 
hybrid constitution. Cytological investigation failed 
to supply adequate data for clear decision between the 
two alternative constitutions that have been sug¬ 
gested for the plant, for S. Darwinianum was found 
to possess 48 chromosomes in its vegetative cells. 
This number is not that found in either tomato or 
nightshade, nor is it the sum of those numbf^rs as 
might have been expected had the plant been a graft 
hybrid ; actually it is half this sum. 

On this evidence, Winkler, having conceded that 
four out of his five experimental plants might be 
chimaeras, maintained that S, Darwinianum was a 
true graft hybrid. He suggested that fusion had 
occurred between vegetative nuclei of tomato and 
nightshade to give rise to a nucleus containing 96 
chromosomes, and that this number of chromosomes 
was subsequently halved to 48 by some auto-regu¬ 
latory process. 

In support of the existence of such a regulating 
mechanism, attention was directed to experiments 
in which plant tissues were subjected to the action of 
anaesthetics. In these experiments it appeared that, 
under the influence of dilute anaesthetics such as 
chloral hydrate, nuclear fusion might occur between 
the two products of a recently divided nucleus. 
When the anaesthetic was removed and normal 
vital functions reasserted themselves, the number of 
chromosomes in the fusion nucleus was reduced to 
the normal figure in a subsequent division (NSmec 
1902-04, 1904). It is probable, however, that this 
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phenomenon shows no real analogy with what is 
supposed to occur in 8. Darwinianum for the following 
reasons : 

(a) In the one case the fusion is between two 
genetically similar daughter nuclei, in the other 
between two nuclei belonging to different species. 

ip) It is not even certain that the observation has 
been rightly interpreted. The appearance of a 
nuclear fusion in the anaesthetized material may be 
illusory, due to protoplasmic shrinkage induced by 
the reagent. The effect of shrinkage during the last 
phases of nuclear division may be to cause approxi¬ 
mation of the two masses of recently separated 
nuclear material; with the removal of the anaesthetic 
the process of division probably continues at the 
point at which it was interrupted and the two masses 
once more move apart. It is significant that the 
reduction process itself was not observed, 
i (r) Moreover, the frequent occurrence of so-called 
polyploid races of plants in nature and under culti¬ 
vation, in which the number of chromosomes is two, 
three, or more times that normally present in the 
species, invites scepticism as to the existence in 
normal cells of such an auto-regulatory mechanism 
as that postulated. 

For a nucleus with 96 chromosomes to give rise to 
one with 48 chromosomes is not impossible, however, 
as mutations are known to arise sometimes with a 
reduced number of chromosomes in their tissues, 
but the phenomenon is sufficiently rare to warrant 
close scrutiny of any alleged instances. On the other 
hand, vegetative mutations not infrequently arise in 
which the number of chromosomes is augmented— 
doubled, quadrupled and so on—^resulting in poly¬ 
ploid forms. It is significant that a standard way of 
encouraging the formation of polyploids is to cut 
back shoots so that 'callus forms over the wound, a 
proportion of the adventitious shoots that subse- 
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quently arise from this wound-callus being often 
polyploids (p. 50). 

Now the number of chromosomes—48—found in 
the vegetative tissues of S. Danvinianum is not only 
half the sum of those characteristic of tomato 
and nightshade, but is also twice that of tomato. 
This suggests that the tissue in which 48 chromo¬ 
somes were found was that of a fourfold or tetra- 
ploid form of tomato rather than that of a graft 
hybrid. 

On this interpretation, therefore, S. Darivimanum 
was a periclinal chimaera having a skin of nightshade 
and a core of tetraploid tomato. Since there is 
abundant evidence that tetraploid shoots of tomato 
have arisen as adventitious buds from the cut surface 
of wound-callus, whereas there is no clearly demon¬ 
strated instance of a vegetative fusion such as is 
required for the production of a graft hybrid, the 
chimaeral interpretation should be regarded as the 
more likely (see p. 52). I 

Winkler was aware of this tendency of cut-back 
branches to produce tetraploid shoots from buds 
arising adventitiously from the wound-callus, and had 
himself in this way obtained tetraploid branches of 
both tomato and nightshade alone and of tomato 
core in S. Koelreuierianum and of nightshade core in 
S, tubingense (1916) ; nevertheless, he maintained the 
opinion that the characteristics of S, Darwinianum 
could not be satisfactorily explained on a chimaeral 
basis. Unfortunately, this plant, having by then 
died, was not included among the forms Lange 
investigated, so that no detailed information can 
now be obtained as to its histology. 

I It may be mentioned incidentally that all the 
plants hitherto claimed as graft hybrids which have 
been investigated cytologi(;ally, possess chromosomes 
the number of which is either the same or some 
multiple of that observed in stock or scion—^in no 
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case is fusion of nuclei of scion and stock the only 
way of accounting for the observed chromosome 
numbers. 

By the use of methods similar to those employed 
by Winkler, Jorgensen and Crane (1927) have obtained 
chimaeras built up of other Solarium species which 
likewise have shown sectorial, periclinal and tetra- 
ploid structure. \ 

The species used were S. lycopersicum (several 
commercial varieties), S. sisymhrifolium Lam., S. 
luieum Mill., S. nigrum L., S. nigrum var—gracile 
Raddi and S. guineense Lam. (often considered a 
variety of 8 . nigrum). 

The different chimaeral combinations that were 
obtained are given in the following table ; the first- 
named species is that constituting the core, the 
species following forming the skin, the thickness of 
which is indicated by a number in brackets. The 
table indicates the proportion of theoretically possible 
combinations actually realized. Winkler’s tomato- 
nightshade combinations are included for comparison. 


Monochlamydius 

Dichlaniydius 

Dichlamydius 

1 

1 Monochlamydius 

lyc.-S. nig, (i) 

i S. lyc.-S. nig. (ii) 

S. nig.-S. i?yc.(il) 

nig.-S. lyc. (i) 

( Kodreuterianum) 

( S .Gaertmrianum) 

( S. proteus) 

1 ( tubinyeme) 

S. lyc.-S. lut. (i) 

S. lyc.-S. lut. (ii) 

_ 

S. lut.-S. lyc. (i) 

S. lyc.S. guin, (i) 

•,S’. lyc.-S .guin. (ii) 

— 

— 

— 

S. lyc.-S. nig. (ii) 

— I 

— 



i 

S. nig. gra.-S. 
sis. (i) 


* Also occurred with S. lycopersicum core in the tetraploid condition, 
t j> M 5 > nigrum ,, ,, ,, 


The chimaeral shoots always possessed in the first 
instance a mericlinal structure ; completely periclinal 
branches were derived from these, but never arose 
directly from the callus so far as was observed. 

In the case of some combinations the leaves 



Fig. 10. —Leaf forms of Solanmn chiinaoras of Jorgensen and 
Crano 

1, S. lycopS. guin. (i); 2, mericlinal leaf of the same, right side pure 
S. lyoop. ; 3, S. sisymbrifolium ; 4, S. lycop.~S. guin. (U); 5, S. lycop.-S. 
lut. (ii), tomato var. Balch’s ‘ Fill Basket'; 6, ditto, tomato var. Sutton's 
‘ Best of Air ; 7, S. nig.-S. sieym. (1); 8, mericlinal leaf of the same, 
right side pure 8. nig.: 9, 8 . lycop.-S. lut. (i) ; 10, 8 . guinemse; 11, 
8. hU.~S. lycop. (!); 12, 8. luteum ; 13, 8. lycoperHcum. (After Jorgensen 
and Orane 1927) 
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were buckled and malformed ; this was a specially 
prominent characteristic of combinations in which 
the outer component formed a skin two cell layers 
thick and was of a species with small simple leaves, 
whilst the core was of a species bearing large com¬ 
pound leaves. This feature was very marked, for 
example, in S. lycopersicum-S. luteum (ii) (Fig. 10). 

A plant may show considerable variation in the 
degree of buckling of the foliage on different branches : 
shoots with typical buckled leaves do not usually 
form flowers, whereas shoots with flat leaves, if 
present, may produce flowers and fruit. 

In the course of these experiments, plants which 
were haploid or tetraploid wholly or in part occasion¬ 
ally made their appearance. Jorgensen (1928) has 
described and discussed the origin of these hetero- 
ploid forms in considerable detail. The two cases 
are entirely distinct from one another, haploid forms 
arising among seedlings and consequently associated 
in some way with processes of sexual reproduction, 
whereas tetraploid forms arise vegetatively as shoots 
from wound-callus. 

The former phenomenon was met with, for exampk', 
when the pericliiial chimaera S. nigrwm-S. sisynibri- 
folium (i) was self-pollinated, which was equivalent 
genetically to pollination with S. nigrum. In one 
experiment of this kind, all the progeny were normal 
8. nigrum as expected except one plant which was 
haploid 8. nigrum. Similarly, an experiment in which 
8. luteum-8. lycopersicum (i) was self-pollinated 
yielded some 200 8. luteum plants, of which two 
were haploid. 

The clue to the principle underlying this behaviour 
is given by some experiments in which different species 
of 8olanum were cross-pollinated. Jorgensen found 
that if one species was pollinated by another incapable 
of accomplishing fertilization but able to induce 
parthenocarpy, haploid forms of the former species 
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were sometimes produced. Thus, if S. nigrum was 
pollinated by S. luteum fertilization did not occur, 
but some of the fruits swelled and a few seeds were 
produced which germinated to form haploid 8. nigrum 
plants. Presumably, although the 8, luteum^ pollen 
could not effect fertilization, it was able in a few cases 
to stimulate the egg cells of the 8. nigrum plants to 
develop parthenogenetically. In an analogous way, 
when the chimaera 8.nigrum-8,si8ymbrifolium(i) was 
self-pollinated, the growth of the 8. nigrum pollen 
tube was delayed by the 8. sisymbrifolium skin of 
the style, so that in some cases the pollen tubes 
reached the ovules too late to effect fertilization, the 
stimulus of pollination having already initiated 
parthenogenetic development in the egg cell. 

Tetraploid forms were obtained occasionally by 
Winkler in his cross-grafting experiments with tomato 
and nightshade. Jorgensen also obtained tetraploid 
shoots in this way, but always in small proportions. 
It was found that the grafting was not of importance, 
as Winkler had supposed, in the production of such 
shoots, some stimulus to the callus tissue to induce 
the rapid production of shoots being apparently all 
that was required. Realization of this led to the 
adoption of the following technique for encouraging 
the development of tetraploid shoots. 

Plants were decapitated and callus allowed to form 
over the wound without a grafting operation being 
performed. Buds arising from this callus were cut 
off when 4-6 cm. high in such a way that the section 
removed also part of the callus. The formation of 
callus and adventitious shoots started again, and a 
further batch of shoots was soon ready for removal. 
This process could be repeated many times—always 
the shoots on removal being planted in sand for 
rooting. In this way the proportion of tetraploid 
shoots was raised as high as 10 per cent of the total 
number of adyentitious shoots produced, 
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The production of these tetraploid shoots is re¬ 
garded by Jorgensen as dependent on the occurrence 
of binucleate cells. The binucleate condition is 
found not infrequently in various plant tissues and 
results from division of a nucleus without subse¬ 
quent formation of a cross-wall in the cell containing 
it. It comes about when the rate of nuclear division 
in a tissue is for any reason greater than that of 
cell division. Thus tissues such as endosperm, or 
wound-callus, in which the nuclei have been stimu¬ 
lated to undergo rapid division, might be expected 
to yield plentiful examples of binuclear cells. So 
long as the tissue remains quiescent such binuclear 
(jells have no particular interest, but if stimulated 
into meristematic activity again, the two nu(jlei 
may form a common spindle and a tetraploid nucleus 
result.^ 

Although the production of these tetraploid shoots 
has no direct connexion with the process of grafting, 
transverse section of the graft union—part of the 
technique for producing chimaeral shoots—will 
incidentally stimulate the formation of callus tissue 
and development of adventitious shoots, and so 
provide conditions favourable to the formation of 
tetraploid tissue. It is not surprising therefore that a 
chimaera, such as that obtained by Winkler having 
a skin of nightshade over a core of tetraploid tomato, 
should be sometimes evoked. 

Moreover, in the case of plants which have been 
merely decapitated, the tetraploid tissue, if formed, 
occiurs in the form of islands throughout the diploid 
callus which forms the bulk of the callus tissue 
produced. It might be expected, therefore, that 
chromosomal chimaeras might be found occasionally. 

^ There are various other ways in which polyploid, including 
tetraploid, nuclei may ariose (Gates 1924, &c.), but the fore¬ 
going is the most probable cause for the origin of tetraploid 
branches from wound-callus. 
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This expectation Jorgensen found to be realized, and 
a nightshade plant having a diploid core covered 
with a tetraploid skin, and a tomato with mixed 
diploid and tetraploid tissues, are cited by him. 
However, the phenomena and problems of polyploidy 
do not concern us here beyond noting the fact that 
one of the distinctions between the components of 
a chimaera—sometimes the only distinction—may 
be the quantitative relations of their chromosomes. 

More recently Kreiike (1933) has experimented 
with chimaeras composed of Solanum lycopersicum 
and mernphiticum and obtained further interesting 
results. 

These two species differ in macroscopic char> 
actors, in anatomical details, in the reaction of the 
tissues to certain stains, and in the form and num¬ 
ber of their chromosomes. The somatic number 
of chromosomes in tomato is 24 (n 12), that in 
S. wemphiticurn. 48 {n — 24) ; so that a burdo, if 
formed, should possess tissues with 72 (— 24 + 48) 
or 36 (= (24 -f- 48) 2) chromosomes and be clearly 

distinguishable from tetraploid tomato (p. 46). It 
may be stated at once that no evidence of burdo 
formation has been found. 

j Krenke devised an improved technique for the 
production of chimaeras. S. mernphiticum was 
grafted on tomato and the scion cut back after 
union, but the cut was made parallel and close to 
the plane of union instead of more or less perpen¬ 
dicular to it (Fig. 11, A). \By subsc^quent careful 
trimming with a razor there was thus exposed a 
large area of the fusion layer covered with a very 
thin film of S, mernphiticum. Over this a ‘ chimaeral 
callus ’ soon formed from which adventitious buds 
arose later ; as many as 35 per cent of these pro¬ 
duced shoots with a chimaeral structure. 

The usual procedure of removing the chimaeral 
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buds and developing them further as cuttings results 
in the chimaeral branch being nourished by a root 
system developed adventitiously from the inner 
component. In order to compare the effect of pro¬ 
viding a root system from the outer component, 
Krenke left some of the chimaeral shoots on the 
mother plant for a time and then removed them 
with part of the callus attached. Roots were formed 
from this callus; so that according to the medhod 




Krenke's met,hod of obtaining chimaeral shoots, A, compared with Winkler's 
or Jorgensen’s, B ; dotted line indicates position of cut, C, Krenke’s method 
of grafting three components together ; D, ground plan of 2*<;omponent graft; 
E, ground plan of 3-(?omponent graft. Chimaeras of 2 and 3 components 
respe<“tively will be obtained from buds arising at x and y 

of removal, a root system from either inner or outer 
component could be provided for the chimaeral 
shoot. 

li ‘ Polyclinal ’ grafting was another innovation. In 
method, after two kinds of plant had been 
grafted together and a transverse cut made through 
the region of union, a third kind of plant was grafted 
on the exposed surface (Fig. 11, B, C, E). This second 
scion was cut back in turn ; the callus subsequently 
produced was thus of triple origin and gave rise to 
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chimaeral branches some of which consisted of three 
components, j 

Unsuccessful attempts were made also to obtain 
roots with chimaeral structure by encouraging the 
production of roots from chimaeral callus. When 
shoots with attached callus were kept in a damp 
atmosphere, roots developed profusely : the majority 
of these w(Te derived from the stem, but some arose 
from the callus. The failure to obtain positives 
results was attributed by Kjrenke to the comparatively 
small number of roots examined critically. 

Owing to the marked differences between the 
tissiies of the two parent species, especially with 
respect to the nuclei, the (chimaeral striudure of the 
growing-points in these chimaeras c^an be readily 
(lemonstrated. Krenke concentrated his attention 
almost exclusively on forms in which tlie skin was 
of S. jnemphiilcwn and tlu; core of tomato : the 
reciprocal forms in which tomato formed the skin 
w(ire produced only rarely. Sectorial and mericlinal 
chimaeras appeared with greatest frequency ; mono- 
chlamydius forms were common, dichlamydius forms 
less common ; trichlamydius forms, not before 
demonstrated, occurred also although rarely. In 
addition, mixed periclinal chimaeras were often met 
with, in which, for example, part of the shoot might 
be monochlamydius and part dichlamydius. Contrary 
to the observations of Jorgensen and Crane (p. 47), 
forms other than mericlinal often arose directly 
from the callus. This discrepancy Krenke attributes 
toThe different technique employed, that used by him 
favouring the direct origin of periclinal buds (p. 52). 

The general vigour of the different chimaeral 
grades varied : trichlamydius forms always showed 
poor growth, dichlamydius forms were stronger, 
whilst the monochlamydius forms showed greatest 
vigour. The leaf forms of the three grades showed 
differences comparable to those, found in other 
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Solarium chimaeras, that is to say, the greater the 
number of cell layers composing the skin, the more 
nearly the leaf shape approached that of the species 
constituting the skin. 

Krenke has devoted much attention to analysis of 
the tissues of the fruits of these chimaeras, the marked 
differences in histological features between tissues 
of S. memphiticuni and tomato making such analy¬ 
sis possible. In fruits of the dichlamydius forms 
he found that the tissues of the two components 
might be greatly intermixed to form a ‘ periclinal- 
layered ’ structure rather than a simple periclinal 
one. The results of this investigation invalidate the 
objections urged against accepting CraMego-mespilus 
Dardari as a dichlamydius periclinal chimaera on the 
ground that c^ell elements characteristic of medlar 
are found several cell layers deep in the fruit (p. ()9). 

In his book, Krenke discusses the question of the 
relation between the thickness of the skin at the 
growing-point and elsewhere in the mature organs. 
He emphasizes the fact that by the term dichlamydixis, 
for instance, is implied no more than that the skin 
is two layers thick at the growing-point ; in the mature 
organs of a chimaeral plant, although the skin can¬ 
not be thinner than at the growing-point, it can be 
and often is very much thicker owing to the occur¬ 
rence of periclinal cell divisions during development. 
Conversely, it cannot be argued, as does Rischkow 
(1931), because Euonymus japonica argenteo-variegata 
frequently has the three outer layers of the leaf 
composed of colourless cells, that therefore the plant 
is trichlamydius. In short, there is no necessary 
correspondence between the thickness of the skin of 
the leaf or other mature organ and that of the 
growing-point, although in monochlamydius types 
the skin is usually one layered throughout. Failure 
to realize this fact has often led to difficulties of 
interpretation and incorrect deductions. 
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Speculating on the various kinds of periclinal 
arrangements possible, Krenke makes the interesting 
suggestion that chimaeras may exist in which the 
skin is so thick—^say more than four layers—^that 
lateral organs such as leaves may be formed from 
the skin component alone, and consequently the 
chimaeral nature of the plants will not be suspected 
from their general appearance. This will be the 
case whenever the leaf initials are less deeply seated 
than the limits of the skin, even if this is not of 
abnormal thickness. 

A curious fact is recorded in relation to differential 
frost resistance. In the autumn of 1928, a morning 
frost killed all tomato plants but left those of S. mem- 
])hiticu7n unharmed: both monochlamydius and 
dichJamydius types also survived. One of the latter 
bore a branch of pure tomato ; this one branch was 
killed, but the rest of the plant was uninjured. It 
is not easy to suggest any mechanism whereby the 
skin of S. memphiticum protected the core of tomato 
from frost injury. Ejrenke suggests that the effect 
may be accounted for by an alteration in osmotic 
pressure of the cells of tomato, but he gives no 
indication of how this may be brought about, nor 
does he state that any measurements were taken 
proving that such change did in fact occur. 

As illustrating the possible economic importance of 
chimaeras in crops that are propagated vegetatively, 
reference may be made to Jorgensen’s unsuccessful 
attempts to produce a chimaera of potato having a 
skin of tomato, the purpose being to render the 
potato immune to infection by Phytophthora (1927). 
Winkler contemplated the theoretical possibility of 
a chimaera of two kinds of potato, the skin com¬ 
posed of a variety immune to Phytophthora ; Krenke 
is now engaged in attempting to realize this poss¬ 
ibility. 
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THE BIZZARKFA ORANGE; (JYTISUS, ADAMJ ; THE 
FORMS OF CMATAEGO-MESPILUS, PYRO-CYDONIA 
ANJ3 A MYODALO-PERSWA. MIXOCHIMAERAS 

THE BIZZARRIA ORANGE 

I N 1667 was published Volume TI of the Transac- 
tioms of the Royal Society. On page 553 of that 
volume appears the following communication : 

Some. Hortulan Communications ahotU. the curious engraft- 
ing of Oranges and Lemons or Citrons upon one another's 
Trees, and of one Indwidiuil Fruit, half Orange and half 
Lemon, growing on such Trees, etc. 

1. We have here Orange-trees {saith the Intelligence from 
Florence) that bear a fruit, which is Citron on one side, and 
Orange on the other. They have not been brought hither 
out of other Countries, and they are now much propagated 
by Engrafting. 

2. This was lately confirmed to us by a very ingenious 
English Gentleman, who asserted, that himself not only had 
seen, but bought of them An. 1660 in Paris, whither they 
had been sent by Genoa Merchants ; and that on some Trees 
ho had foimd an Orange on one branch, and a Lemon on 
another branch ; and also (consonantly to the Florentine 
information) one and the same Fruit half Orange and half 
Lemon ; and sometimes three-quarters of one kind, and one- 
quarter of the other. 

Such was the first reference in English scientific 
literature to the ‘ bizzarria orange a plant which 
has provided material for discussion for 250 years. ^ 
I The bizzarria orange has a special interest here 
because it evoked the earliest known description of 

1 Exactly 250 years, since the most recent paper on this 
plant (by Tanaka) was published in 1927. 
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an authentic chimaera. The history of its origin 
has been established with reasonable certainty. It 
appeared in 1644 in a garden in Florence as a result 
of a grafting operation in which a scion of sour 
orange {Citrus Aurantium Linn.) was grafted on a 
stock—probably a hybrid seedling—of citron (C. 
medica Linn.). The scion apparently died, but a bud 
grew subsequently from the swelling where the un¬ 
successful scion had been inserted and developed 
into the bizzarria variation. The plant was pro¬ 
pagated vegetatively from this shoot and has since 
become widely distributed.]!? 

iThe constitution of the bizzarria orange has been 
variously interpreted by different observers. Thus, 
it has been claimed by Daniel as a graft hybrid, by 
Cramer (1907) as a case of vegetative segregation 
from a normal seed hybrid, by Strasburger (1909) as 
a hyperchimaera, and by Baur (1909) as a pcriclinal 
chimaera. | 

Among the more recent critical investigations to 
discover the true nature of individuals derived vege¬ 
tatively from the original stock are those of Frost 
(1926) and Tanaka (1927), 

The latter was convinced that he was dealing with 
a periclinal chimaera having a core of citron and an 
epidermal skin of sour orange. He considers that 
most accounts have laid far too much emphasis on 
the occurrence of fruits with a sectorial structure. 
While this type of fruit undoubtedly occurs (Fig. 12), 
as well as pure citron and pure orange, he found it 
comparatively rare. The typical fruit has a peri¬ 
clinal structure, but when ripe the smooth orange- 
coloured surface characteristic of the orange often 
becomes streaked longitudinally with tissue having 
the rough pale yellow surface peculiar to the citron : 
the citron core appears to force its way locally 
through the epidermis of the orange. 

Frost, with a wide experience of the cultivation 
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and crossing of Citrus species, is in agreement with 
other workers in this field in believing that most of 
the cultivated forms of Citrus are complex hetero¬ 
zygotes. The frequency of bud variation observed 
is considered a consequence of their heterozygous 
constitution whic^li favours somatic segregation by 
differential mitoses. In this way originate groups 
of cells having anomalous genetical constitution from 
which arise buds that may develop chimaeral struc¬ 
ture. In point of fact, perichnal ehimaeras are not 
uncommon in the genus Citrus and probably as a 



Fig. ]2. —The bizzania orange. Two views of a sectorial 
fruit eonsisting partly of orange having an even orange- 
coloured skill and partly of the chimaeral bizzarria the 
skin of which is furrowed and vellow with orange streaks. 
{See Tanaka 1927) 


rule do arise in this way. Nevertheless, since 
Winkler’s experiments have shown that ehimaeras 
can be produced by grafting, and there seems no 
reason to doubt the early records associating the 
origin of th(^ bizzarria orange with such an operation, 
Frost considers the periclinal structure probably 
arose as in Winkler’s Solanum ehimaeras. 

A further argument against the graft hybrid nature 
of the bizzarria orange was brought forward by 
8trasburger (1907). He calls attention to the fact 
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that similar forms of orange have been recorded as 
appearing in other gardens and some of these are 
stated to have followed grafting operations. The 
fusion of two vegetative cells from different plants, 
as required by the graft hybrid hypothesis, is ad¬ 
mittedly a rare and problematical occurrence ; Stras- 
burger considers it most unlikely to have occurred 
time and again. 

CYTISIJS AD AMI 

Cytisus Adami} the second historical case of a 
plant claimed as a graft hybrid, is of much more 
recent origin than the bizzarria orange ; it is also 
a more familiar plant and is not infrequently found 
in private gardens, grown rather as a botanical 
curiosity than for its decorative value. 

It originated in the garden of a nurseryman named 
Adam at Vitry, near Paris, in 1825, and the facts 
leading to its appearance are reputed to be as follows. 
A scion of Cytisus 'purpureus was budded on a stock 
of Laburnum vulgare —a procedure frequently carried 
out for the purpose of producing a ‘ standard ’ of 
the former species. The bud in this instance seemed 
to perish, but at its side an adventitious bud subse¬ 
quently appeared which developed into a shoot 
with foliage intermediate in size between C. purpureus 
and L, vulgare to which the name Cytisus Adami 
was given. All the plants in cultivation must have 
been derived vegetatively from this original branch 
that appeared in the Paris garden in 1825, for C, 
Adami does not reproduce itself by seed and no one 
has succeeded in obtaining C. Adximi a second time 
by grafting or other means. 

(7. Adami has the general habit of the common 
laburnum, i.e. it grows into a small tree. The leaves 
have the same shape as those of laburnum, but do 
not possess the silky hairs on the lower surface 
^ ^ Laburnum Adcmii in Kew Hand-list. 




Fig. 13.—Inflorescences, ‘ standards ’ of flowers, and trans¬ 
verse sections of ‘ standards ’ of Cytisus laburnum (C.l.), 
C, purpureus (C.p.) and (7. Adami (C.A.) 

In the sections, cells containing purple sap are shaded ; the cells forming 
the brown ‘ honey guides ’ are cross-hatched; the plastids shown are yellow. 
(After Buder) 
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chara(;teristic of this species. The infiorescencje, like 
that of laburnum, is without leaves, wliereas in that 
of C. 'pur 2 mreus each flower is subtended by a leafy 
bract. The flowers are purple-brown in colour and 
in general set no fertile seed. 

Examination of individual flowers shows that the 
gynoecium is abnormal; the ovules arv curiously 
malformed with the inner integument and nucellus 
projecting considerably beyond the outer integument 
(Caspary 1859, Tischler 1903). The anthers, on the 
other hand, appear to be normal and fertile. On 
the rare occasions when C, Admni has set fertile 
seed, the offspring have been invariably pure laburnum 
(Noil 1907, Hildebrand 1908). 

Reversion to one or other of the species types 
occasionally occurs, that to laburnum with the 
greater frequency. The reverted areas may be 
quite small, affecting for example part of a petal, 
or they may be sufficiently large to affect whole 
branches. The latter remain constant to type if 
propagated vegetatively; the flowers borne on 
them are perfectly fertile and breed true when 
self-pollinated. 

As in the case of the bizzarria orange, divergent 
opinions have been held concerning the nature of 
C. Adami. 

That it is a species cross between L, vulgare and 
C, purpureus, as has been suggested, appears unlikely. 
Such a constitution would not account adequately 
for the peculiar features shown by the plant, other 
perhaps than sterility, nor is sterility by any means 
limited to species hybrids. Moreover, to ascribe to 
it such a nature is to ignore the reported manner of 
its origin which there seems no reason to doubt. 
All attempts to hybridize L. vulgare and C. purpureus 
have proved unsuccessful, although this alone can¬ 
not be used as an argument against the species- 
hybrid hypothesis, since the same may be said of 



CYTISUS AD AM I 63 

attempts to produce O. Adami by grafting or other 
means. 

The view that found most favour during the last 
century was that G. Adami had arisen as a graft 
hybrid, formed by fusion of vegetative nuclei of the 
contiguous cells of bud and stock prior to the death 
of the former (A. Braun 1873). Darwin referred 
to it, for instance, as an example of a true graft 
hybrid. Reasons for believing the production of a 
graft hybrid by fusion of vegetative nuclei unlikely 
have been set out already (p. 34). It is only neces¬ 
sary to add here that 0. Adami has not provided 
any special evidence rendering this hypothesis more 
probable. 

With the advent of Baur’s work on chimaeras, it 
became obvious that the peculiarities shown by 
C. Adami are those to be expected in a periclinal 
chimaera. If the core, forming the bulk of the 
plant, consists of laburnum and is covered by a 
skin derived from C, ^mr])ureus, then the general 
habit, leaf size, and form of inflorescence should 
approximate to those of laburnum, and the surface 
characters to those of C. purpureus. The reason 
for the reversionary branches of laburnum appearing 
more frequently than those of C. jmrpureus would 
also receive explanation (p. 19), as well as the fact 
that such reversions are encouraged by lacerating 
the epidermis (Buder 1910, 1911). That the rarely 
produced offspring are always pure laburnum sug¬ 
gests that the skin of C, purpureus is only one cell 
layer in thickness—in short, that plants of C, Adximi 
are L, 'imlgare with the epidermis replaced by that 
of C. purpureufi (see p, 42 {d)). 

It is a matter of some historical interest that 
eighteen years before Banr propounded his chimaeral 
hypothesis Macfarlane (18915, as the result of ana¬ 
tomical examination of C, Adami, drew attention to 
the fact that the hybrid^ m he thought it was. 
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appeared to be ‘ wrapped round, so to speak, by an 
epidermis of C. purpureus \ 

Detailed examination of the tissues of the three 
plants confirms this diagnosis. Thus, in laburnum 
the cork formed by the young branches arises below 
the epidermis, when^as the (^ork in C. purpureus 
arises in the epidermis itself; in C. A da mi it is formed 
in both positions. 

A transverse se(4;ion througli a petal of the flower 
of laburnum shows conspicuous yellow plastids in 
the epidermal cells and to a lesser extent in the 
cells below. If the section is one through the upper 
petal or ‘ standard ’ and includes one of the dark 
brown streaks or ‘ honey guides a patch of dark 
brown cells about two layers deep will bo seen below 
the epidermis. A similar section of a petal of 
0. purpureus shows that the epidermal cells contain 
a purple cell sap and that the purple colour extends 
in diminishing amounts to cells a few layers below; 
yellow plastids are not present. The epidermis of 
the petal of C, Adami contains a purple cell sap 
but no yellow plastids, thus resembling the epidermis 
of C. purpureus, whilst the rest of the tissue resembles 
that found in laburnum, both yellow plastids and 
the brown cells of the ‘ honey guides ’ being present. 
Other microscopic features of the epidermis of C, 
Adami, such as the types of hairs, structure of the 
stomata, and the presence of tannin cells, also agree 
with those of G, purpureus. 

An interesting example of localized distribution is 
provided by the oxydases. The presence of these 
substances can be detected by their action on certain 
colourless reagents such as benzidine which form 
coloured oxidation products. When so tested, 
oxydases fall into two groups, those giving a colour 
reaction directly with benzidine and those doing so 
only after the addition of a peroxide such as hydrogen 
peroxide ; for convenience, these may be distinguished 
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aH direct and indirect oxydases respectively. Apply¬ 
ing the benzidine test to petals of the thrt^e types 
of flowers, it is found that those of C, jnirpureus 
and C. Adami both contain a direct epidermal 
oxydase while that of laburnum does not. Further, 
that a direct oxydase is present in the veins of 
C. 'pnrpureus^ while those of laburnum and O. Ada.mi 
contain only an indirect oxydase. In other words, 
C. AdUimi is identical with C. purpureMS in respect 
to its epidenml oxydase and with laburnum with 
respect to its bundle oxydase (Keeble and Armstrong 
1912). 

Investigation of the chromosome numbers was 
carried out by Strasburger in 1907 ; all three types 
of plants were found to possess the same number 
of chromosomes {n = 24), thus providing no support 
for the view that a fusion of vegetative nuclei was 
responsible for the origin of C, Adami, although the 
possibility of such fusion having occurred is not 
excluded if coupled with a hypothetical auto- 
regulatory reduction division (p. 44). Although the 
number of chromosomes cannot be used as a criterion 
to differentiate the tissues of laburnum and G, 
purpureus, yet, as pointed out by Macfarlane, the 
nuclei of one parent species differ in size from those 
of the other parent, while nuclei of two sizes occur 
in the tissues of C. Adami, 

The view that G, Adami is a periclinal chimaera 
is now generally accepted although there remain 
certain features not fully explamed, such as the 
cause of malformation of the pistil and the failure 
of all subsequent attempts to derive G. Adami again 
from its component species. 

THE CRATAEQO MMSPILI 

Another group of plants showing many points of 
resemblance to G. Adami is that to which the 
bigeneric name of Grataego-mespilus has been given ; 



00 


PLANT CHIMAERAS 


but, whereas C. Admni is known to have arisen but 
once and to occur in only one form, these, like 
Winkler’s experimental Solanum plants, have ap¬ 
peared on more than one occasion and exist in several 
forms. 

The first recorded examples of Ci'ataego-mespilus 
wcrc^ peculiar branches that arose from an old medlar 
tree at Bronvaux, near Metz. A scion of medlar 
{Mespilus gcrtimnica) grafted on a stock of hawthorn 
{Crataegus monogyna) —-a common horticultural prac¬ 
tice—^had behaved for many years in a perfectly 
normal manner. Then, in 1899, two adventitious 
branches were observed to have developed from the 
region of junction of scion and stock. These, differ¬ 
ing from one another, were both intermediate between 
medlar and hawthorn, the former more nearly 
resembling hawthorn, the latter medlar. They were 
named Craiaego-rmspilus Asnieresii and C~m. Dardari 
respectively. Both types, grafted on hawthorn, have 
been distributed widely to gardens. 

In C-m. Asnieresii the iidlorescences and flowers 
are much like those of hawthorn, except that the 
flower receptacles are hairy like those of medlar— 
as are, indeed, all the vegetative surfaces of the 
plant. The fruits resemble those of hawthorn in 
size and shape but are brown in colour. The leaves 
are small like those of hawthorn and show great 
variation in the degree of lobing, ranging from an 
entire margin like that in a medlar leaf to the deeply 
lobed condition of hawthorn : a trilobed form is 
specially common. In 0-m. Dardari the flowers and 
fruits are larger than in C-rn. Asnieresii as are also 
the leaves, which almost always have the simple 
oval shape of medlar—-in fact the plant has the 
general appearance of a small form of medlar apart 
from the branched inflorescence. 

In both varieties, reversion to hawthorn and medlar 
frequently takes place; bud variations from one 
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Crattmjo-niespilus form to the other also occur. This 
tendency is specially marked in C-rn. Dardarl, plants 
of which are often found bearing four kinds of 
branches—hawthorn, medlar and the two forms of 
Crakiego-mespihis. 

In contrast with Cytisus Adaini, in which the 
components will not hybridize, several seed-hybrids 
betweem medlar and hawthorn have been recorded. 
These, however, differ essentially from the Crataego- 
mes}ylli just described and from those to be described 
later. 

The first description of these plants was a horti¬ 
cultural one contributed by Jouin (1899) to L(^ Jardin. 
The first scientific account is that by Noll (1905) ; 
a good illustrated account was published later by 
Meyer (1915).^ 

Baur interprets the two forms as periclinal chim- 
aeras having a core of ha wthorn and a skin of medlar ; 
in C-m, Asnieresii this skin is regarded as composed 
of one cell layer only—the epidermis—while in C-m. 
Dardiiri the skin of medlar is thicker. He regards 
the former plant as a cjase exactly parallel to that 
of Cytisus Adami ; many of the arguments used 
to establish the chimaeral nature of the latter may 
be likewise employed here. Thus, the general habit 
is that of hawthorn and the leaves tend to be lobed 
in the same manner, but whereas hawthorn is glabrous, 
C-m. Asnieresii bears epidermal hairs like those of 
medlar. Data relating to tissue distribution such 
as was obtained in Cytisus Adami from examination 
of sections of petals are not available here since 
the petals are entirely white, but analogous results 
are obtained from comparative examination of fruits. 
The fruits of C-m. Asnieresii resemble those of haw¬ 
thorn in size but are brownish instead of red. Sec¬ 
tions perpendicular to the surface show that in 
hawthorn the epideripis and the cells of several 
^ See also Bear 1911 Kew Bulletin. 
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layers below it eontairi a red antho(;yaniii pigment 
in the (^ell sap ; none of the cells of the medlar 
fruit contain red sap, but the epidermis at an early 
stage of development undergoes division to form 
several layers of brown cork cells ; in C-m. Asnieresii 
the out(T part of the fruit is (covered with several 
layers of cork derived from the epidermis, beneath 



Fig. 14. —Loaves, inflorescenoes, fruits and sections of outer 
layers of fruits of Mespilus germanica (M.g.), Crataegus 
monogyna (C.m.) and Crataego-mespilus Asnieresii 
(C-m.A.). (After Buder) 

In the sections, cells containing red cell sup are stippled. Note superficial 
cork in M.g. and C-ni.A. 

which are cells containing red cell sap, suggesting 
irresistibly that the epidermis is medlar and the 
inner tissues hawthorn. 

This interpretation receives additional confirma¬ 
tion from the fact that the fertile seeds of (7-m. 
Amieresii occasionally formed always give rise on 
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germination to pure hawthorn seedlings, as is to be 
expected if the sub-epidermal layer is hawthorn, 
whether pollination is brought about by its own 
pollen or by that from hawthorn. No information 
as to the source of the effective pollen in most of 
these cases is forthcoming : the seedlings raised by 
Haberlandt and described by him in 1930 probably 
resulted from self-pollination. 

The relations existing in 0-m. Dardari, which 
appears to be entirely sterile, are not so clear, and 
the case in favour of a periclinal constitution cannot 
be presented so simply. It has been presumed that 
the skin of medlar covering the hawthorn core must 
be at least four or five cell layers in thickness, because 
stone cells such as are characteristic of medlar are 
found in the fruit of 0-m. Dardari at this depth 
below the surface ; this has to be reconciled with the 
fact that axillary buds are not constantly reverting 
to medlar, since the axillary buds are derived from 
no more than three layers of the meristem. 

By way of resolving this difficulty it has been 
suggested that although the skin of medlar at the 
stem apex may be only two-layered, in some of 
the older tissues it becomes thicker by subsequent 
cell division (Meyer 1915). 

It is a matter of general observation that the 
thickness of the skin varies considerably in those 
periclinal chimaeras in which it is more than one cell 
layer in thickness. This feature has been discussed 
already in regard to the leaf margin (pp. 20, 22) : 
if a leaf margin many ceU layers thick can be traced 
back to a skin of two layers at the growing-point, 
there is no evident reason why the many-layered 
skin of a fruit may not have a similar origin. The 
impossibihty of defining the exact depth to which 
the apparent skin of medlar extends in fruits of 
O-m. Darduri is not necessarily fatal, therefore, to 
the view that the plant has a periclinal structure. 
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The objection raised to accepting C-m. Dardari as a 
dichlamydius cbimaera on account of the structure 
of the fruit is based on the fallacy of assuming that 
the two layers of cells forming the skin at the growing- 
point will not undergo peri(;linal divisions during 
development of the mature organs of the plant. 
Comparison should be made with Krenke’s more 
recent analysis of the structure of the Solarium 
chimaeras investigated by him (p. 55). 

In the course of his investigations, Meyer (1915) 
found that the number of chromosomes in the 
vegetative tissues of hawthorn, medlar and both the 
Craiaego-mespilm forms now under consideration was 
the same, namely, 32 = 16). There was, there¬ 

fore, no positive evidence favouring the occurrence 
of a vegetative nuclear fusion. He found, moreover, 
that the individual chromosomes of hawthorn are 
distinguishable from those of medlar by their shorter 
length, and claimed that by this criterion it is possible 
to demonstrate that in C-m. Asnieresii the epidermis 
consists of medlar and the remaining tissues of 
hawthorn. He was unable to determine the exact 
composition of C-rn, Dardari by this means, but 
found nothing inconsistent with Baur’s view that 
the plant is a periclinal chimaera with at least two 
layers of medlar over a core of hawthorn. 

Haberlandt (1926, 1927) made a careful examina¬ 
tion of the tissues of the two Crataego-mespili and 
of the parent species, especially the leaves. His 
observations confirm in many particulars those of 
Meyer which claimed to establish a periclinal arrange¬ 
ment of the tissues in the former. At the same 
time, Haberlandt found that some of the tissues of 
the chimaeral forms, such as the stomata and the 
vascular bundles in the leaf, are not identical with 
those of medlar or hawthorn, but exhibit a some¬ 
what intermediate character. He expressed some 
doubt, therefore, as to whether, if these Crataego- 
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mespili are periclinal chimaeras, the components can 
be accepted as pure unaltered medlar and hawthorn. 

It can be argued, of course, that the two components 
of a periclinal chimaera are so closely associated that 
some degree of mutual compromise in manner of 
growth may come about, leading to modification in 
appearance though not in genetic constitution. 
Haberlandt, at the time, was not entirely satisfied 
that the extent of the divergences was not too great 
to be met in this way. In a later paper, however, 
following further work on C-ni. Asnieresit, his doubts 
appear to be resolved and he expresses himself as 
definitely in favour of regarding this plant and other 
Crataego-mespili as periclinal chimaeras composed of 
medlar and hawthorn. 

Another feature that has been used in the attempt 
to decide whether these two Orataego-rnesjyilus forms 
are periclinal chimaeras is the number of carpels 
composing the ovary. Hawthorn has normally one 
carpel, medlar has five ; in agreement with the view 
that the plants are periclinal chimaeras having a 
core of hawthorn, both forms normally have only 
one carpel. No exception to this has been recorded 
for (7-m. Asnieresii, but flowers of C-7n. Dardari 
have been found with two carpels and this fact has 
been interpreted as proving that the core in such 
cases cannot be pure hawthorn (Weiss 1925). 

In weighing the seriousness of this fact as evidence 
against the core tissue of C-m, Dardari being haw¬ 
thorn, the following facts should be borne in mind. 

‘ In those plants which have normally a reduced 
number of carpels as compared with that of mem¬ 
bers of the other whorls of the flower, it is quite 
common to find what we may regard with almost 
complete certainty as a reversion to a larger number, 
sometimes to that typical of the other whorls. . . . 
In the section Pruneae of the Rosaceae there is 
normally but a single carpel; this is one of the 
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most extreme cases of reduction that we know of, 
for the stamens are indefinite in number, and in 
other sections of the order the carpels are also in¬ 
definite, In double fiowers of the cherry two carpels 
are almost invariably present and in this genus 
{Prunus) and Amygdalus so many as five are some¬ 
times present.’ 

The above quotation from Worsdell ^ makes it 
evident that the occurrence of occasional bicarpellary 
fruits in rosaceous genera that are normally mono- 
carpellary is not unlikely; possibly a sufficiently 
extended examination would reveal the occasional 
occurrence of bicarpellary fruits in hawthorn. In 
any case, a cherry is not regarded any the less a 
cherry when it produces a bicarpellary fruit; it is 
hardly justifiable, therefore, to refuse the status of 
hawthorn to the inner core of C-m. Dardari on this 
ground. 

Furthermore, when the intermixture of the two 
components found by Krenke to exist in the fruits 
of Solanum chimaeras is recalled (p. 55) and it is 
realized that a similar complexity of tissue arrange¬ 
ment probably exists here, there can be little wonder 
at the occasional occurrence of bicarpellary fruits. 

A further argument against the chimaeral struc¬ 
ture of these Crataego-mespili is one which would 
deny the medlar nature of the skin, basing this 
denial on the size and shape of the epidermal cells 
of the leaf as seen in surface view (Weiss 1925). 

The shapes of the cells of the lower epidermis are 
not distinctive, possessing a wavy outline in both 
medlar and hawthorn and also in the two Crataego- 
mespili. Those of the upper epidermis, however, 
have a wavy outline and are long-shaped in medlar, 
but have straight edges and are squarish in shape 
besides being smaller in size in hawthorn (Fig. 15). 

^ W. C. Worsdell, The Principles of PlarU-tercttologyf Ray 
Society, London, 1916, Vol. II, pp. 91-93. 
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The cells of the upper epidermis of C-m. Asnieresii 
are found to be closely similar to those of hawthorn 
both in size and shape, quite different from those 
of medlar of which they are supposed to consist. 
The cells of the upper epidermis of C-ni. Dardari are 
somewhat larger than those of C-m. Asnieresii and 
have slightly wavy outlines, but even so resemble 



Fig. 15. —Loaves of Grataego-mespili of Bronvaiix and par¬ 
ents : M, medlar ; H, hawthorn ; D, C-m. Dardari ; 
A, C-m. Asnieresii. Loaves all on same relative scale 
except medlar the average-sized leaf of which is con- 
side>rably larger than that shown. Below, surface views 
of upper epidermal colls of the same four plants. (After 
Weiss 1930) 

on the whole those of hawthorn more closely than 
those of medlar (Fig. 15). While the epidermal cells 
have admittedly the hairiness of medlar, they have 
a size and shape approximating to those of hawthorn. 
It is contended, therefore, that it is not possible to 
regard these plants as covered with an epidermis of 
medlar. 

6 
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These facts are brought forward in support of the 
conclusion of Daniel that the plants in question are 
graft hybrids which have arisen from a fusion between 
vegetative cells of medlar and hawthorn. On this 
basis the hairy character of the epidermis may be 
explained by supposing, not that the epidermis 
actually is medlar, but that hairiness is dominant 
over lack of hairs, so that these graft hybrids are 
hairy as would be a seed hj^brid with a constitution 
heterozygous for hairiness. 

So far as hairiness is concerned, this presumption 
is fair enough, but the same argument must be 
employed to account for other characteristics of 
medlar shown by the epidermis, for example the 
absence of red sap pigment and the formation of 
brown cork cells in the fruit. It is perhaps not 
quite so credible that all the dominant characters 
relating to the epidermis, apart from the wavy out¬ 
line to the cells, should be carried by medlar and 
all the recessive ones by hawthorn. Nor does this 
explanation account for the strict limitation of all 
medlar characters to the epidermis in C-m, Asnieresii, 

One answer that has been offered to this objection 
to regarding C-m, Asnieresii and C-m. Dar^ri as 
possessing a periclinal structure, based on the shapes 
of the epidermal cells, is that the medlar epidermis 
may be unable to show its characteristic form owing 
to the restraint of the hawthorn core to which it 
is united. 

'That any such restraint will be exercised has been 
questioned, however, by reference to those Solanum 
chimaeras generally agreed to possess a mono- 
chlamydius structure (viz. 8. tvbingense and 8, Kod- 
reuterianum) in which it has been found that the 
shape of the epidermal cells is hardly affected by the 
nature of the underlying tissue that forms the core 
(Mayer-Alberti 1924). Nevertheless, it may not be 
safe to assume that the behaviour of the epidermis 
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in a chimaera between species of Solanum is neces¬ 
sarily the same as that in a chimaera between genera 
of Rosaceae. Evidence from study of the develop¬ 
ment of Amaryllidaceous leaves indicates clearly that 
in the individual leaf such features of the epidermis 
as the shape of the epidermal cells and the distri¬ 
bution of the stomata are closely controlled in this 
case by the behaviour of the underlying tissue during 
its expansion and growth, and that this in turn is 
correlated with the water supplied to different parts 
of the leaf by the vascular system (Wicks 1934). 
The shape of the epidermal cells may therefore 
depend in some cases as much on the character of 
growth of the cells below as on any inherent quality 
of the epidermal cells. Whether the epidermal (.^ells 
as seen in surhxce view have a straight or wavy 
outline may depend on whether growth of these 
cells ceases before or after that of the underlying 
tissues. 

Haberlandt (1926, 1927) confirmed the observa¬ 
tions of Weiss respecting the shape of the epidermal 
cells, and this was doubtless one of the facts that 
made him hesitate to accept without reservation 
the view that the Craiaego-mespili are periclinal 
chimaeras. In a subsequent paper (1930), however, 
he records that in course of examining the leaves of 
some seedlings of C-m, Asnieresii, probably the result 
of self-pollination, he found that the cells of the 
upper epidermis had wavy outlines like medlar. This 
unexpected discovery suggested an examination of 
the leaves of pure hawthorn seedlings: there also the 
cells of the upper epidermis were found to have 
wavy outlines. Thus the shape of the epidermal 
cells can no longer be regarded as an absolute dis¬ 
tinction between medlar and hawthorn as appeared 
from Weiss’ observations—^the difference is found 
only in the older leaves and is probably connected 
with relative growth rates of the different leaf 
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tissues. As already mentioned, Haberlandt’s final 
view is that all the Grataego-mespili are to be regarded 
as periclinal chimaeras. 

Krenke (1933), supplementing these observations 
with others on the Solatium chimaeras specially 
studied by him, states that the form of the epidermal 
cells in plant species in general varies with age. 
He considers that there is no connexion between 
the fact that the epidermal cells in the Grata ego- 
mespili have the form of those of hawthorn and that 
hawthorn happens to form the core. He does not 
believe that there is any transmission of hawthorn 
characters to the medlar skin, but that the fluctuating 
variations in shape of the epidermal cells of medlar 
that can be observed when it is growing on its own 
roots sufficiently account for the resemblances 
recorded. 

A further complication is introduced by the fact 
that two other Grataego-mes'pili are known. These, 
the Grataego-mespili of Saujon, arose like those of 
Bronvaux from grafting medlar on hawthorn. In 
this instance, five branches of a hawthorn were 
grafted with five scions of medlar. After behaving 
normally for fifteen years, one of these branches died 
and broke away from the stock. Close to the exposed 
wound several adventitious branches arose, two of 
which were noted by Captain Brun in 1906 as inter¬ 
mediate in character between medlar and hawthorn ; 
they were called Grataego-mespilus Bruni and 0-m. 
Bonnieri respectively, the former being more like 
hawthorn and the latter more like medlar. They 
show features similar to those found in the Grataego- 
mespili of Bronvaux, on the whole consistent with the 
view that they have a periclinal structure, the skin of 
medlar over hawthorn being one cell layer thick in 
(7-m. Bruni and of greater though somewhat indefinite 
thickness in G-m, Bonnieri, Daniel found stone cells 
characteristic of medlar ten cells deep in the fruit 
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of the latter, but, as pointed out when disciussing the 
similar phenomenon in C-m. Dardari, this does not 
necessarily imply an equally thick skin of medlar at 
the growing-point. As in the earlier described pair 
of plants, the shape of the colls of the upper epidermis 
is not as might have been expected on this periclinal 
interpretation. 

On the view that all these Grataego-mespili are 
periclinal chimaeras with a skin of medlar over a 
core of hawthorn, it is somewhat difficult to under¬ 
stand why there should be so many as four different 
types : the alternative graft-hybrid hypothesis is no 
more helpful in accoiinting for this multiplicity of 
forms. In view of the fact that (7-m. Asnieresii is 
described as closely resembling (7-m. Bruni^ and 
C-rn. Dardari shows an equal similarity to C-rn. Bon- 
nieri, the possibility suggests itself that the differences 
between the Crataego-tmsjnli of Bronvaux and those 
of Saujon are no greater than can be accounted for 
by different varieties of medlar having been con¬ 
cerned in their production. 

Other Craiaego-mes 2 )ili have been described by 
Manaresi (1915) and Secliger (1926) : in the latter, 
medlar was grafted on a stock of Crataegus oxycantha. 

Before leaving these plants reference may be made 
to facts of an entirely different kind that have been 
held by some to indicate their graft-hybrid nature. 

Sahli (1916) infected Crataego-inespilus forms with 
the fungus Gymnosporangium clavariaeforme to which 
hawthorn is very susceptible and medlar immune. 
The leaves of Crataego-mespili having an epidermal 
skin of medlar became infected though possibly loss 
readily than pure hawthorn, the fungus penetrating 
the immune epidermis and spreading through the 
hawthorn tissue below. On the other hand, the 
leaves of the dichlamydius C-rn, Dardari proved 
entirely immune, even when the fungus was intro¬ 
duced below the two outer layers. IVom this Sahli 
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draws the conclusion that C-m. Dardari cannot be 
dichlamydius. As will be realized from what has 
been said previously (p. 55), this conclusion is not 
justified and is based on the erroneous belief that the 
thickness of the skin at the growing-point, to which 
the term dichlamydius has reference, can be judged 
from its thickness in the mature leaf. In point of 
fact a large part of the leaf in C~m. Dardari consists 
of medlar, probably only the vein system being 
derived from cells deeper than the second layer of the 
meristem and so composed of hawthorn (Lange 1927). 
Similar infection experiments were carried out by 
Fischer (1912). 

Entirely parallel results were obtained by Klebahn 
(1918) from the infection of Winkler’s tomato-night¬ 
shade chimaeras with Septoria lycopersici and Clado- 
sporium fulvum which fungi attack tomato but not 
nightshade. The results of infecting the leaves wore : 

S. Koelreuterianum (--tomato with oiio layer of 

nightshade) ...... killed 

S. tuhingense (- - nightshade with one layer of tomato) hnmune 
S. Qaertnerianum ( — tomato with two layers of 

nightshade) ...... immune 

8> proteus ( — nightshade with two layers of tomato) killed 

The results so far as the two monochlamydius forms 
are concerned were in accordance with Klebahn’s 
expectations, those for the two dichlamydius types 
the exact opposite. From the latter results it was 
concluded (erroneously) that S, Qaertnerianum and 
S, proteus could not be dichlamydius chimaeras and 
(correctiy) that the skin component must comprise 
much more than the two outer layers of the leaf. 
Lange (1927), in his study of leaf development, 
found in both S, Qaertnerianum and S, proteus that 
the veins are derived from the inner component, but 
that much of the mesophyll is formed from the outer. 
That the susceptibility of the chimaeral leaves to 
fungal attack should resemble that of the species 
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forming the skin is therefore not surprising. It is 
perhaps more surprising that 8. proteus should be 
more like nightshade in respect to leaf shape than is 
8, Oaertmrianum, since nightshade contributes only 
the veins in the former. It would seem that the 
character of the venation must control the shape 
of the leaf rather than the shape of the leaf determine 
the venation—an important evolutionary principle 
if it can be established generally. 

The Crataego-mespili have been treated at some 
length because they provide perhaps the most favour¬ 
able instances in support of the existence of graft 
hybrids among plants which have been intensively 
examined. There are other cases that may seem 
to afford stronger support for such interpretation, 
but these have not been subject to the close scrutiny 
of the Crataego-mespili, Looking back on the facts 
and arguments presented here, acceptance of Baur’s 
hypothesis respecting the chimaeral nature of the 
Craiaego^mespili appears fully justified. 

PYRO-CYDONIA 

The grafting of pear (Pyrus communis) on quince 
(Cydonia vulgaris) is commonly practised in horti¬ 
culture in the belief that the pear so treated comes 
into bearing at an earlier age. A number of anom¬ 
alous forms, arising as adventitious branches from 
buds in the neighbourhood of the insertion of a scion, 
have been recorded and claimed to be graft hybrids. 

An example of this sort, called by Winkler Pyro- 
cydonia Danidi, was described by Daniel in 1904. 
Jn a garden at Rennes, a quince on which pear had 
been grafted was cut back to the region of junction. 
Several adventitious shoots developed subsequently: 
three of these, arising on the site of the original 
union of scion and stock, showed throughout their 
tissues, according to DanieFs description, characters 
intermediate between pear and quince. The leaves 
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were more hairy than pear but less hairy than quince, 
and the internal anatomy of the leaves was also 
intermediate in character. Weiss (1927) has ex¬ 
amined the appearance of the epidermal cells in 
surface view and finds that the size and shape of 
these is also intermediate between pear and quince. 
Perhaps the most remarkable feature is that the leaf 
margin, serrate in pear and entire in quince, in 
P-c, Danieli is serrate in the upper half and entire 
in the basal half (Fig. 16). Hitherto the plant has 
failed to flower ; nor has it produced reversions to 



Fig. 16.—Leaves of Pyro-cydonia Danieli and parents 
P, pear ; Q, (piince ; D, P c. Danieli. (AfU-r Weiss 1930) 

either component, therein differing from the plants 
so far discussed. 

Daniel considers P-c. Danieli to be a true graft 
hybrid, with which opinion Weiss expresses agree¬ 
ment. This opinion is presumably based on the fact 
that the characters of pear and quince appear to be 
blended rather than arranged in a chiinaeral pattern, 
in conjunction with the absence of reversions : for 
other features shown by the plant, such as the curious 
leaf margins and the failure to flower, do not support 
this interpretation in particular. 

In favour of a chimaeral interpretation is the fact 
that grafting one plant on another, cutting across 
the region of union and allowing adventitious shoots 



PYRO^GYDONIA 


81 


to arise from the composite wound-callus, is exactly 
the treatment found so efficacious by Winkler and 
later workers in the production of chimaeras. The 
uniformly intermediate character of the tissues of 
P-c. Danieli and the absence of pure pear and pure 
quince as recorded by Daniel should be accepted 
perhaps with reserve pending an examination as 
complete as that carried out in the Cratmgo-mes^nliy 
including a detailed study of nucleus and chromo¬ 
somes. Investigation of the behaviour of root (;ut- 
tings and the nature of shoots derived from buds on 
roots should also yield positive information of a 
critical kind for deciding in favour of or agamst a 
chimaeral constitution. 

Furthermore, the character of the leaf margin of 
i^-c. Danieli may well indicate the pn^sence of a skin 
of pure pear tissue. Investigations on the develop¬ 
ment of leaves have shown that a greater or less 
width of the leaf margin is derived entirely from the 
superficial layers of the growing-point, a fact which 
bc^comes patent by the develoj)mcnt of a white border 
to an otherwise green leaf in the case of a periclinal 
chimaera in which the skin difters from tlie core in 
the absence of a capacity to develop c^hlorophyll. If 
P-c. Danieli is a periclinal chimaera with a skin of 
pear over a core of quince, its leaf borders, by anal¬ 
ogy, should be composed of pure pear tissue. The 
development of a character like a serrate edge 
to a leaf obviously necessitates a minimum width 
of the leaf border—the border must be at least as 
wide as the serrations are deep. In the case of 
variegated leaves, the width of the white border 
may vary greatly in different species, from leaf to 
leaf, or even in different parts of the same leaf. If 
the leaves of P-c. Danieli possess a border of pear 
which is broad in the upper part of the leaf and 
narrow in the basal part, the distribution of the 
serrations is accounted for. 
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As already stated, in 1904 Daniel recorded the 
production of three branches with the characters of 
P-c. Danieli, In 1913 were described some later 
experiments in which, as previously, pear trees grafted 
on quince stock were cut down to the graft union ; 
these yielded several more branches with the char¬ 
acters of P-c. Danieli. That P-c. Danieli should be 
obtained repeatedly by such methods undoubtedly 
suggests a chimaeral constitution ; on the contrary, 
as Strasburger pointed out in connexion with the 
bizzarria orange (p. 60), it is difficult to believe 
that such an undoubtedly rare occurrence as fusion 
of genetically different vegetative nuclei can occur 
with such ease and frequency. 

Until data respecting P-c. Danieli are more exten¬ 
sive, it seems preferable to the present writer pro¬ 
visionally to interpret the peculiarities of this plant 
as due to a chimaeral structure rather than to a graft- 
hybrid constitution. 

A fact of some interest in connexion with P-c. 
Danieli, little though it may assist in solving the 
question of its constitution, is its reaction towards 
Aecidium cancellatum. This fungus attacks pear 
vigorously and forms on it characteristic spores, 
quince on the other hand is immune ; in regard to 
P-c. Danieli, infection occurs, but the results are not 
serious and the fungus is unable to produce spores* 

On the chimaeral interpretation, a monochlamydius 
structure seems indicated by this behaviour. 

Another Pyro-cydonia — P-c. Winhleri —-has been 
described by Daniel but, as suggested by Bateson, 
this branch seems likely to have been a sport from 
the root of the quince stock having nothing to do 
with pear. 

AMYQDALO-PERSICA 

Under this name Daniel described in 1913 peculiar 
branches that arose after budding on almond stock a 
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local yellow-fleshed variety of peach which until then 
had not shown any tendency to vary. According to 
this account, the peach scions grew into normal peach¬ 
like branches bearing fruit identical with those 
produced by the scion parent : in the third year after 
grafting, however, they changed in character. Some 
spurs bore fruit of a type intermediate between 
peach and almond, some bore pure almond fruits and 
some continued to bear the characteristic local 
variety of peach. The intermediate type of fruit 
had a thin yellow flesh with a green covering like 
almond, while the stones were intermediate between 
peach and almond in shape and depth of sculpturing. 
A noteworthy feature was that all spur branches 
bearing fruit different from peach were at some dis¬ 
tance from the graft junction. 

Daniel believed that the characters of tlie stock 
had been transmitted to the scion, although no 
explanation was offered as to why the basal part of 
the shoot near the graft union should have escaped 
modification. To the writer, the behaviour suggests 
that the branch in question had a mericlinal structure. 
If a branch were composed mostly of peach tissue 
but had a narrow, superficial strip of almond run¬ 
ning up one side, the first few buds formed might not 
occur at the intersection of the phyllotaxic spiral 
and the mericlinal strip, and so would develop into 
spurs bearing peach fruits ; if a later formed bud 
arose on the mericlinal strip, it would give rise to a 
spur bearing an anomalous form of fruit. Too little 
is known about this plant, no longer in existence, 
for it to materially affect views based on more precise 
data. 

Various other examples claimed as graft hybrids 
have been described from time to time, but such 
opinion as to their constitution is expressed in default 
of sufficiently precise data to establish their real 
nature. Most modern investigators interpret the 
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cases described by them as chimaeras rather than as 
graft hybrids. 

Since the present chapter has been concerned with 
those cases for which a graft-Jiybrid interpretation 
has been most strongly urged, it will bc^ convenient 
to consider here the fungal chimaeras or ^ Mixo- 
ciiimaeras ’ obtained by several investigators. 

Burgeff (1914, 1915) worked with the two varieties 
]>licavs and piloholoides of the coenocytic fungus 
Phycornyces nilcms. He succeed(id in introducing the 
plasma from a young sporangiophore of the one 
variety into a sporangiophore of the other. A 
coagulum was first formed where the two kinds of 
protoplasm met, but later, protoplasmic^ circulation 
brought about complete mixing of the two kinds of 
plasma. If the mixochirnac^ra so formed was cov¬ 
ered with a thin layer of agar, the mycelium was 
regenerated ; if left above the culture^ medium a new 
sporangiophore bearing a sporangium was regenerated. 
Both mycelium and sporangiophore so formed were 
more or less intermediate in type between those 
possessed by the two components. During growth of 
such a mixochimaera, vegetative segregation fre¬ 
quently occurs with the production of mycelia and 
sporangia like those of the parents. This behaviour 
has been compared with that of the Crataego-niespili 
and regarded as supporting the burdo origin of such 
plants. 

Such comparison is not legitimate, however, 
since, apart from the great systematic gulf between 
fungi and flowering plants, the growth mechanism 
of these two plant groups is entirely different. And, 
although in these experiments fusion between fungal 
‘ cells ’ may take place with subsequent regeneration 
of an intermediate type which segregates vegetatively 
into the two parent forms, the ‘ cell ’ of a coenocytic 
fungus is not homologous with the cell of a flowering 
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plant, nor is the fusion process in the fungus in any 
way comparable with the fusion between nuclei which 
is supposed to take place in the production of a burdo. 

Weir (1911) carried out experiments with young 
hymenomycete fruits in which Coprinus niveus was 
grafted on G. jimHarius var. macrorrhiza. Later, he 
cut off the ‘ scion ’ 3 mm. above the horizontal fusion 
layer. From the cut surface a fruit-body regenerated. 
This showed a variation in size of the spores produced 
and other features not found in either parent. The 
spores when sown gave rise only to pure C. niveus. 
At the graft junction, fusion of hyphaeand tiie inter¬ 
change of contents could be observed, but it was not 
possible to determine whether the interchange was 
l)etween hyphae belonging to different components, 
or merely between hyphae of the same mycelium. 

Kohler (1930), working with the mycelia of various 
fungi, concluded that fusion between hyphae of 
different genera either does not occur or is very 
incomplete. 

No case in the pteridophytes or bryoph 3 d)es has 
been cited as an example of a burdo. There is no 
obvious reason why vegetative fusion between 
genetically different nuclei should not occur in these 
two groups if it occurs in the flowering plants. In the 
former groups, on the other hand, the perpetuation of 
a pattern during vegetative growth could not be due 
to the possession of a chimaeral growing-point since 
all mature tissues can be traced to the divisions of a 
single apical cell. Too much weight must not bo 
attached to negative evidence, yet it may not be 
without significance that all the plant types for which 
d burdo origin has been claimed have growing-points 
which are multicellular and permit of a chimaeral 
structure. 
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DISSIMILARITY BETWEEN STEM AND ROOT CUTTINGS. 
PRODUCTION OF CHIMAERAL STRUCTURE BY 
LOCALIZED SOMATKJ MUTATION. ORIGIN OF 
DOMINANT BUD SPORTS FROM RECESSIVE TYPES 

T he propagation of plants vegetatively is an 
important part of horticultural practice and 
can be brought about by grafting, budding, the taking 
of cuttings or layers, and in other ways. The parts 
of the plant that can be utilized in vegetative repro¬ 
duction cover a wide range, although in each indi¬ 
vidual case one part and one method of propagation are 
usually preferred in commercial practice owing to con¬ 
venience or the greater certainty of attaining success. 
Thus, fruit trees such as apple and pear are generally 
propagated by stem grafting or budding, carnations 
by stem layers or cuttings, scakale by root cuttings, 
species of Streptocarpus by leaf cuttings, and so on. 

Apart from considerations of convenience or the 
ease with which results may be obtained, in general 
it matters not at all which method of vegetative 
propagation is employed or what part of the plant is 
used, since the ultimate result is the same. Certain 
horticultural varieties, however, have long been known 
to which this generalization does not apply because 
root and shoot behave differently ; the aerial parts^ 
reproduce the parent plant whereas propagation from" 
roots gives rise to plants of a different kind. ? 

A number of such varieties have been carefully 
investigated and it appears that their peculiar be¬ 
haviour may be attributed, in most if not in all cases, 
to the possession of a structure corresponding with 
that of a periclinal chimaera. 

86 
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In flowering plants, lateral shoots and leaves are 
said to arise exogenously ; secondary or adventitious 
roots endogenously. By the former term is indicated 
the fact that buds and leaves arise as small super¬ 
ficial swellings due to localized growth of cells of the 
outer layers of tissue. The number of cell layers 
involved varies in different cases, but in general the 
epidermis with one or not more than two or three 
sub-epidermal layers contribute to the formation of 
leaf or bud. Shoot primordia originate in this way 
whether on stems, roots or other parts. 

In contrast, lateral or adventitious roots develop 
as a result of the growth activity of deeply seated 
cells within the vascular cylinder; such root pri¬ 
mordia force their way to the surface rupturing the 
overlying tissues of the organ bearing them. 

From a consideration of structural development 
alone it might be expected, therefore, that buds borne 
on shoots or on the main root of a periclinal chimaera 
would comprise tissues derived from both components 
and would reproduce the periclinal structure of the 
parent: buds borne on lateral or adventitious roots 
on the contrary would be composed, like these roots 
themselves, of core tissue only (Fig. 17). 

Unfortunately, there is at present no evidence as 
to whether this expected difference in buds produced 
on the main root and on lateral roots does in fact 
occur. In the adult of most flowering plants the 
main root may not persist or forms an insignificant 
part of the whole root system, and it would be a 
matter of considerable difficulty to isolate and make 
use of it for purposes of vegetative reproduction. In 
the case of a chimaera, such a procedure would be 
not only difficult but in most cases impossible, since 
practically all the chimaeral plants in cultivation 
have been propagated as cuttings or offsets in which 
all roots are adventitious, or as grafts in which a 
main root, if present, belongs to the stock. 
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Although the fact that a plant ‘ comes true ’ from 
stem cuttings but not from root cuttings may be 
taken as presumptive evidence that the individual 
in question has the structure of a periclinal chimaera, 
this behaviour might conceivably bo brought about 
in another way. Attention has already been directed 
to certain plants in which orderly segregation of 
genetic characters takes place during vegetative 
growth, so differentiating the upper and lower regions 
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Fig. 17. —Transverse section of the main root of a periclinal 
chimaera ; cjonjectural arrangement of compf)nents 

A, advenUtious shoot ])nd (periclinal structure retained); B, lateral root 
(consists of (lore tissue only); en, c^ndoderrais ; ph, phloem ; xy, xyhuii. 

of the shoot (p. 35). A similar type of segregation 
affecting shoot and root instead of, or as well as, 
upper and lower regions of the stem would provide 
an alternative explanation of the dissimilar behaviour 
of shoot and root cuttings in plants exhibiting this 
phenomenon. There is at present no evidence for or 
against the validity of such an hypothesis, to secure 
^ich will necessitate analytical examination of the 
main root as regards both structural and genetical 
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constitxition ; but examples of orderly vegetative 
segregation during growth appear to bo rare. 

Turning from theoretical considerations to facts 
deduced from observation, it must be noted in the 
first place that the behaviour of plants known to 
be periclinal chimaeras conforms with expectation. 
For example, members of Baur’s mosaic race of 
Pelargonium (p. 20), having white bordered and green 
bordered leaves respectively, when propagated by 
stem cuttings reproduce the parent forms, but when 
propagated from root cuttings they give respectively 
green and albino plants in accordance with the 
constitution of their core tissues. There is, therefore, 
experimental proof that periclinal chimaeras do be¬ 
have differently when propagated from shoot and 
root cuttings, thus justifying a presumption that 
plants of unknown structure which behave in this 
way are similar in nature. The alternative inter¬ 
pretation involving orderly vegetative segregation, 
while not excluded, is far less i)robable in view of’ 
the rare records of segregation of this kind. 

Among the first examples of plants showing dif¬ 
ferential behaviour in respect to shoot and root 
cuttings to receive careful study were various species 
of Bouvardia (Bateson 1916). More than a dozen 
garden varieties of Bouvardia were experimented 
with by Bateson, the majority of which gave plants 
resembling the parents whether propagated by means 
of stem or root cuttings ; several varieties, however, 
provided root cuttings from which were derived plants 
that differed from the parent in certain characters. 
Notable ^^mongst these was ‘ Bridesmaid a horti¬ 
cultural variety bearing double pink flowers. Plants 
of this variety propagated from stem cuttings repro¬ 
duced the parent, propagated from root cuttings the 
resulting individuals bore double red flowers identical 
with those of the variety ^ Hogarth This be- 
^ The flower colour is localized in the epidermis. 

7 
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haviour was consistent and was observed some thirty 
times and was apparently characteristic of the strain 
used. Presumably, therefore, the plants of this 
variety were composite in structure—^periclinal 
chimaeras made up of a core of ‘ Hogarth ’ within a 
skin possessing the characters of ‘ Bridesmaid ’— 
the difference between the two components being 
obvious only in respect to the flowers. 

Although root cuttings from the extracted ‘ Ho¬ 
garth ’ type gave plants like ' Hogarth ’ almost 
consistently, on one occasion an individual bearing 
single red flowers was obtained, the root cuttings of 
which in turn gave plants like itself. In tliis case 
the double red-flowered plant must have itself pos¬ 
sessed a chimaeral structure of which the single 
red-flowered type formed the core. The way in 
which this second chimaera may have arisen will 
appear later (p. 93). 

Another variety, ' President Cleveland bearing 
single scarlet flowers, gave somewhat similar results. 
Of 31 plants tested, 23 yielded plants from root 
cuttings like the type, but in 8 the root cuttings 
produced flowers which were smaller and marbled 
with white. Further root cuttings from the two 
extracted forms were similar to their respective 
parents. That aU the plants of ‘ President Cleve¬ 
land ’ did not behave in the same way is probably 
accounted for by the fact that the stock of plants was 
obtained from two different sources and drawn upon 
indiscriminately : presumably the plants from one 
source possessed a chimaeral structure while those 
from the other were normal and genotypically 
homogeneous. Such behaviour suggests that other 
varieties which are propagated by stem cuttings 
almost exclusively may be found on more extensive 
investigation to exist in both chimaeral and non- 
chimaeral forms. 

The group of plants known to gardeners as ‘ Fancy 



STEM AND ROOT CUTTINGS 


91 


Pelargoniums ’—especially the class of scmidoubles 
with crumpled petals known as ‘ Regal ’—have been 
frequently recorded as failing to come true from root 
cuttings. Three cases of this kind—‘ Escot ‘ Pearl 
and ‘ Mrs, Gordon ’—^recorded by Bateson (1921) all 
agree in general features. 

^ Escot ’ has flowers the petals of which are white 
with a large purple-red blotch. The root cutting 
bore flowers of which the ground colour was pinkish 
with blotches redder than those of the type. The 
petals of ‘ Escot ’ show a tendency to roll back, 
those of the root cutting are flat and the whole flower 
is appreciably larger,—suggesting that the core in 
‘ Escot ’ is strained by inclusion within a skin proper 
to a flower of smaller size. 

* Pearl ’ is a white-flowered form. The flowers 
borne by the root cuttings were heavily flushed with 
pink and were indistinguishable from the variety 
known as ' Mme Thibaut These plants of ' Pearl 
therefore, may be regarded as composed of a core of 
‘ Mme Thibaut ’ overlaid by a skin devoid of red 
anthocyanin pigment. On three different occasions, 
flowers were produced by plants of ' Pearl ’ having a 
patch of pink on one petal. These patches, Bateson 
suggests, represent a break-through of the underlying 
‘ Mme Thibaut ’ tissue. 

The thii’d case, ‘ Mrs. Gordon \ has white flowers 
flushed with pink ; the root cuttings bore flowers of a 
full red colour. 

Other examples of Pelargonium exhibiting a 
comparable behaviour will be found in the table, 
p. 93. 

Considerable interest and significance attaches to 
the observations made by Clausen and Goodspeed 
(1923) on some crosses in Nicotiana tahacum. A car¬ 
mine-flowered variety crossed with one having white 
flowers gave uniform carmine progeny ( = F^) which 
on self-pollination gave a fan^y ( = Pg) showing a 
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normal Mcmdelian ratio of 9 carmine : 3 pink : 

4 whited 

The point of interest bearing on the present dis¬ 
cussion is that one of the heterozygous carmine 
plants of the Fi generation produced a branch 
bearing pink flowers. Both carmine- and pink- 
flowered branches retained their characteristics when 
propagated vegetatively by stem cuttings, but be¬ 
haved similarly in producing carmine-coloured flowers 
from root cuttings. The pink-flowered branch had 
thus presumably a periclinal structure, the core 
being composed of tissue producing carmine-coloured 
flowers. 

Appropriate breeding experiments with these car¬ 
mine and pink forms showed that both b(4iaved alike 
genetically, namely as though heterozygous for the 
carmine factor. From this it is possible to particu¬ 
larize further and say, not only that the core is hetero¬ 
zygous for the carmine factor ( = but also 

that the skin of the pink-flowered form ( = is 

only one cell layer in thickness and that somatic segre¬ 
gation or possibly mutation ,2 confined to the epidermis, 
has occurred with loss of the remaining D factor. 

’ Such behaviour suggests that two pairs of factors are 
concerned : K completely dominant to r in the presence of 
which a pink colour is developed in the flower ; and D 
dominant to d producing no effect by itself, but when associ¬ 
ated with R darkening the pink colt)ur to carmine. The 
production of the two families might bo expressed thus : 

Carmine-flow- = RRDD X rrdd = White-flow¬ 
ered parent j ered parent 

Carmine ~ RrDd X RrDd 

, E r' 1 

containing both containing R but not containing 

R and D = carmine not D — pink R = white 

^ Change in (rather than sorting out of) hereditary elements. 
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These examples support the statements scattered 
throughout horticultural literature that the root cut¬ 
tings of certain plant varieties give plants unlike the 
parents. In all the cases so far mentioned this 
l)ehaviour may be attributed to the possession of a 
peri(ilinal structure ; others to be described later are 
not susceptible to explanation of so simple a character. 


'FABLE I 

from CJiitteiideii (1927) 


Type A 

from roof 
cutfiiins. 

Statod to have produred 
Tyj)e Ji as a sport 

Pelargonium 
‘ Mine Thihaut 
pink (lower 

Do. 


‘ Clorinda red 
flower 
No record 


No record 


Nicotiana 

Carmine-flowered 
Fj from cross 
between car¬ 
mine and pink 
varieties 
Bcnivardia 
No record 


Type it 

Gives roof cviftings 
unlike itself. 
Derived as sport 
f roni Type A 


' l\utrl white 
flower 

‘ Dark Queen Vic¬ 
toria dark crim¬ 
son flower 

‘ Joan magenta 
flower 

‘ Escot ground 
colour of flower 
white 

‘ Mrs. Gordon 
flowers with pink 
flush 

Pink flowered 


Type C 

C/Oines true from root 
cuttings. 

Arises as root cutting 
from Type B 


Indistinguishable 
from ‘ Mmo Thi- 
baut ’ 

Do. 


‘ Clorinda red 
flower 

‘ Escot’s ’ root, 
ground colour of 
flower pink 
‘ Mrs. Gordon’s ’ 
root, flowers red 


Carmine flowered 


‘ Bridesmaid pink ‘ Hogarth red 
flower flower 


The mechanism that led to the genesis of these 
chimaeras is suggested by the manner of their first 
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appearance. All those of which there is any historical 
record originated as vegetative sports, arising as buds 
on varieties which reserrMe the aberrant plants subse- 
quenily produced from their root cuttings (stK> Table I). 
Those other varieties (*nncerning the origin of which 
nothing is known directly arose presumably in a 
similar way. Assuming this to be the case, the 
plants under consideration have (ividently originated 
as sports in which only the outer layt'rs of the sporting 
branch have undergone genetic change forming thus 
the skin ; the bulk of the tissue of the branch has 
remained unaltered forming the core. 

Most of the instances of cultivated fruits showing 
an abnormal sector recorded from time to time arc to 
be interpreted as mericlinal in structure, and as having 
arisen also in the manner described. Thus Lamprecht 
(1927) records an apple fruit on a tree of ‘ Cox’s 
Pomona ’ which possessed a sector with the colouring 
of ‘ Ribston Pippin ’ from which the former variety is 
said to have been derived. Similar cases of ‘ peri- 
carpxenia as this phenomenon is sometimes called, 
are recorded by Dalilgren (1927), Kobel (1931), and 
others. C. Darwin (1868, II) cites a number of 
such examples. In such cases there is no way of 
propagating the two kinds of tissue concerned and 
of proving definitely their genetic dissimilarity: in 
some instances, no doubt, the production of an 
abnormal tissue may be due to purely physiological 
causes. 

In addition to those already discussed; namely, 
sexual union as in Baur’s mosaic race of Pelargonium, 
grafting two different tissues together as in Winkler’s 
Solanum forms, and the much more problematical 
union of two vegetative nuclei, there must be recog¬ 
nized, therefore, these further possible methods by 
1 which a periclinal chimaera may originate, viz,, 
localized somatic segregation and mutation. 

A branch of anomalous character that arises as a 
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bud sport is apt to be unthinkingly assumed to differ 
throughout in genctical constitution from the parent 
plant, but this is not necessarily the case, since the 
genetical change may affect a particular tissue—say 
the epidermis—only. Indeed, the latter is the more 
likely occurrence, since such change results when an 
abnormal nuclear division interferes with the usual 
regular distribution of a complete chromosome com¬ 
plex to each daughter cell; and such abnormal 
division is obviously more likely to occur in a single 
ceU,—and so give a chimaeral structure to the 
sporting branch,—than for a similar event to affect 
simultaneously a group of cells large enough to 
provide the whole of the mcristematic tissue from 
which the branch arises. 

It may be noted, too, that genctical changes 
probably occur far more frequently than the re¬ 
corded cases would lead one to suppose ; there are 
two main reasons for this. 

The majority of bud sports that are recorded from 
time to time differ from the type in relation to flower 
colour, hairiness, or some other feature dependent 
on the nature of the epidermis. This is obviously 
because such features readily strike the eye ; but there 
is no reason to suppose that genctical changes are 
actually of more frequent occurrence in the epidermis 
than in deeply seated tissues, only that they are more 
easily detected. If a plant happens to be under 
observation, a mutation of the epidermal kind has a 
fair chance of being recorded, while if the mutation 
affects the core only, it will, in most cases, almost 
certainly pass unnoticed. For example, the tetraploid 
core produced in some of Jorgensen’s chimaeras (p. 47) 
was detected only through the accident that the 
tissues were under cytological examination. 

Apart from the fact that, unless they cause a con¬ 
spicuous change in appearance and one affecting the 
epidermis, they are apt to pass unnoticed, there is 



96 


PLANT CHIMAERAS 


another reason leading to underestimation of the fre¬ 
quency of genetical changes in somatic tissues. Most of 
the bud sports recorded have occurred in heterozygous 
plants. The reason for this is fairly apparent. The 
loss of a dominant gene in a heterozygote would be 
at once noticed if it occurred in a suitable cell layer, 
whereas the loss of one dominant gene from a homo- 
zygoiis plant would be overlooked. It does not follow 
that somatic mutations or segregations do not occur 
with equal frequency in homozygotes, only that they 
pass unnoticed. 

Almost all the recorded bud sports differ from the 
type in absence of a dominant factor, i.e. they are 
recessive to the typo. Although only a small pro¬ 
portion of the sports occurring in nature are recorded, 
the fact that these have been almost invariably 
recf^ssive is probably due to a real rarity of dominant 
sports and not merely to the former being more 
conspicuous and consequently noted. Some few 
cases of a dominant form appearing as a bud sport 
have been recorded however, among which may be 
mentioned : nectarine sporting to peach (hairy skin 
is dominant over smooth skin), red currant giving 
rise to white (white fruit is dominant over red in 
currant), the recessive speltoid variety of wheat sport¬ 
ing to the type. 

A sporting branch may arise not only following a 
real mutation involving the origin of some new 
genetically different tissue, but, in a chimaera, may 
result from a somatic rearrangement of tissues already 
present. The exceptional cases of a recessive variety 
producing a branch of the dominant form may be due 
to the latter phenomenon rather than directly to a 
nuclear change or mutation. 

Thus, the peach condition is dominant to that of 
nectarine : the sporting of peach to nectarine is a 
well-known and not infrequent occurrence, due pre¬ 
sumably to a nuclear change : records of the recessive 
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nectarine vSporting to peacli are rare, but as already 
stated do occur. Now, if a somatic mutation of 
peach to nectarine affected the epidermis only, the 
nectarine would exist as a skin over the peach core ; 
and since the distinguishing characteristics of peach 
and nectarine are located in and conhned to the 
e^pidcrmis, there would be nothing in its appearance 



A B C 

Fig. 18.—Illustrating ‘ nectarine sporting to peach ’ 

A, pencil; B and C, pcach-iuM-tarine chiiiiacra. Dark sliading indicates 
peach tissue, light shading the epidermis of nccl^irine tissue. (Sec Text)] 

to distinguish such a periclinal branch from one 
composed of nectarine tissue throughout. The sport¬ 
ing of nectarine to peach might then readily occur in 
such a branch by emergence of the peach core, pos¬ 
sibly following superficial abrasion (Fig. 18). 

Similarly, those red-currant bushes which on rare 
occasions produce branches^ bearing white fruits may 
be periclinal chimaeras having an epidermis of red 
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currant over a core of white currant, the sporting 
branch arising by emergence of the tissue composing 
the white currant core, rather than by a mutation 
in which the red character is replaced by the dominant 
white. Such an hypothesis accounts for the occur¬ 
rence of many of the apparent exceptions to the 
general rule that somatic mutations are recessive to 
the types from which they are derived ; there is no 
direct evidence in support of it since none of the 
cases recorded has been examined hitherto from this 
point of view. 

The fact that the majority of recorded bud sports 
arise as monochlamydius periclinals also accounts for 
the fact that these bud sports often give breeding 
results in sharp contrast with those expected from 
their appearance and usually obtained from similar 
pheno-types. 

Although many cases in which a recessive form 
gives rise to a dominant can be attributed to the 
possession of a chimaeral structure, this simple 
explanation is not of universal application. For 
example, Huskins (1928) has shown that some of the 
fatuoid forms of oat differ in chromosome number 
from the type, and he believes that the appearance 
of fatuoid characters is due, either to loss of a chromo¬ 
some bearing factors for the normal type, or the 
presence of an excess chromosome bearing fatuoid 
characters. In other words, the appearance of sports 
may be due to nuclear divisions occurring in which 
the distribution of chromosomes is not equational, 
owing to the nucleus possessing other than the normal 
diploid set of chromosomes. The closely analogous 
speltoids of wheat may arise in a similar way (Aker- 
man 1920, 1927). The facts associated with so-called 
‘ ever-sporting races ’ may be interpreted likewise as 
due to the possession of irregular chromosome num¬ 
bers, though in some cases no doubt due to somatic 
segregation (p. 35). 
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SOME ANOMALOUS UJllMAKRAL TYPES IN HYDRANGEA 
AND RELARQONIUM 

T here exist a number of plant varieties whose 
general behaviour and appearance suggest 
ehimaeral structure of the growing-point, but which 
differ from the plants considered in previous chapters 
in the possession of certain anomalous features. 
Representative of these are : Ilydrangeu hortensis 
nivalisj H. hortensis variegata (two forms), Pelar¬ 
gonium zonale varieties—‘ Golden Brilliantissirna 
‘ Freak of Nature ‘ Happy Thought ^ ‘ Mme 

Salleron ’, ‘ Golden Flame ‘ Double New Life 
' Kleiner Liebling 

Hydrangea hortensis nivalis (Chittenden 1925) super¬ 
ficially resembles a dichlamydius green-over-white 
form of Baur’s mosaic race of Pelargonium ; that is 
to say, the leaf has a white centre and a broad green 
border of varying width ; also, as is usual in periclinal 
chimaeras, entirely green and entirely colourless 
branches arise from time to time. Closer examina¬ 
tion shows that the stems, petioles, and central 
areas of the leaves are'colourless throughout; the 
continuous green skin found in the Pelargonium is 
lacking in the Hydrarigea (Fig. 19, A). 

Since in most flowering plants the only epidermal 
cells containing chlorophyll are the guard cells of 
the stomata, the epidermis of a green plant can be 
distinguished from that of a colourless plant only 
by microscopic examination (p. 19). In some species, 
for example those of Hydrangea and Pelargonium^ 
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the chlorophyll is small in amount or lacking even 
in the guard cells, with th(^ result that the two 
types of epidermis may be indistinguishable by 
direct observation. This difficulty does not exist 
in respect to cell layers immediately below the 
epidermis, which in an albino plant are colourless, 
and in a green form are indubitably green. Since 
thc^re is no appearance of a green skin over the 
centi’al areas of the leaves and other white parts 
of the variety of Hydrangea under consideration, it 



Fig. 19.— Leaves of Hydrangea hortensis nivalis (A) and H. 
hortensis variegata (B) 

Ill B tlic darkly shaded areas may be cither dark green or yellow. (After 
(hlttenden 1925) 

is reasonably certain that a green skin, if present, 
is not more than one cell layer thick, comprising, 
that is to say, the epidermis only. 

If it be assumed that the growing-point of //. 
hortensis nivalis has a monochlamydius green-over¬ 
white structure, the simplest way of accounting for 
the green leaf border is to assume that it is a product 
of periclinal divisions in the dermatogen or super¬ 
ficial layer of the apical meristem. This is a reason- 
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able supposition in view of tlu^ number of cases 
in which periclinal divisions of the dermatogcn are 
known to take place (p. 42, footnote). 

It will be remembered that Baur accounted for 
the green or white leaf border in the dichlamydius 
grades of his mosaic race of Pelargonium by showing 
that this portion of the leaf was formed as a result 
of pericdinal divisions in the sub-epidermal layer of 
the growing-point (p. 20). The (jondition ascribed 
to the dichlamydius grade of this variety of Pelar¬ 
gonium, contrasted with that now sugge^sted for the 
monochlamydius grade of H. horte^isls nivalis, is 
shown diagrammatically in the drawing, p. 106 (Fig. 20, 
B, E and B, C). 

Seedlings obtained by pollinating flowers of H. 
hortensis nivalis with pollen from a green type are 
all green, an anomalous and unexpected feature in 
the progeny of a plant lacking chlorophyll in the 
sub-epidermal layer.^ To account for this genetical 
behaviour the furthc^r assumption must be made 
that the placental region of the ovary, like the 
border of the leaf, is formed from the derrnatogen 
—a similarity of behaviour not surprising if these 
be regarded as homologous tissues as is the current 
botanical theory. 

To summarize : H. hortensis nivalis is a chimaera 
the stem apex of which possesses a monochlamydius 
green-over-white structure ; the differences in mature 
structure and genetical behaviour distinguishing it 
from cases previously considered depend upon the 
derivation of the leaf border and the placental region 
from the derrnatogen. 

Whilst there is no direct proof of this hypothesis 
the premises are reasonable and the observed pheno- 

^ H. hortensis nivalis is self-sterile : although the pollen 
appears good though small in amount, fertile seeds have not 
been obtained when it has bfeen used to pollinate a green 
type of plant. 
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mena are fully accounted for—^the most that can be 
expected from any hypothesis. 

SyjdjimiQm, hortensis vmJsgiUa (Chittenden 1925) 
looks somewhat like a periclinal chimaera with a 
two-layered white skin over a green core. It has 
the white leaf border associated with this type of 
structure and a colourless sub-epidermal layer over- 
lying the central green tissue of the leaf and the 
green stems and petioles. But it possesses in addition, 
distributed along the white border of the leaf, lobes 
of solid green tissue which lack the colourless sub- 
epidermal layer found elsewhere. These green lobes 
have the appearance of outgrowths from the leaf 
margin, projecting beyond the general contour ; they 
vary in size and number and occasionally form a 
broad continuous band surrounding the leaf; growth 
is more ample in such regions causing a local crump¬ 
ling, The epidermal covering of the plant is colour¬ 
less as in all forms of this species of Hydrangea, 
Sports in which the central green core of the leaf 
is lacking are of frequent occurrence ; in addition, 
completely green and completely colourless branches 
arise adventitiously from time to time (Fig. 19, B). 

Like the last, this variety is self-sterile, but may 
be used as either pollen or seed parent in crosses 
with unvariegated green types. When acting as 
pollen parent the progeny are all green; when 
used as seed parent both green and non-green seed¬ 
lings are obtained, the relative proportions of each 
varying directly with the relative amounts of green 
and white tissues in the leaf border of the parent 
branch. Although the proportion of green seedlings 
produced by a branch with few green lobes is lower 
than that from one with many and vice verm, the 
frequency of green seedlings is always greater than 
would be expected from the proportion of green to 
white tissue in the leaf border. 
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The chimaeral structure of the mature plant and 
its genetical behaviour can be explained by extension 
of the hypothesis advanced for //. hortensis nivalis. 
In the variety variegata, it is suggested that the 
growing-point possesses a green core surrounded by 
a two-layered skin which is composed of an inner 
layer of colourless tissue and an outer layer of 
green tissue (Fig. 20, H; p. 106). 

So far as the author is aware, the existence of 
this type of structural arrangement of the growing- 
point of a chimaera has never been hypothesized, 
yet there is no reason why such a chimaeral structure 
should not be perfectly stable, nor is there any 
difficulty in picturing simple ways in which it could 
originate ; it might easily result, for example, as a 
consequence of an albino somatic mutation in the 
sub-epidermal layer of a fully green plant. 

In the variety nivalis, origin of the green border 
of the leaf from the dermatogen has been predicated, 
the varying width of this border indicating degrees 
of activity in cell division. In the variety now 
under discussion, it is suggested that similar periclinal 
divisions in the dermatogen occur, the activity of 
division varying locally in still greater degree, so 
that anything from a continuous green band of 
varying width to a series of disconnected green 
lobes may result. Whatever its extent, this green 
tissue of the leaf margin, in consequence of its origin, 
lacks the colourless sub-epidermal layer of cells 
found in other green organs of the plant. 

There is general agreement among investigators 
that in the case of most species studied the sub- 
epidermal layer of the growing-point divides to form 
the more peripheral parts of the leaf lamina. If 
the growing-point of H, hortensis variegata has the 
structure suggested, such divisions in the leaf initial 
will give rise to a colourless band of tissue within 
that formed from the dermatogen, the relative pro- 
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portions of green and colourless tissue in the leaf 
border depending on the local activity of the division 
processes in the tissues derived respectively from 
the dermatogen and sub-epidermal layers of the 
growing point (Fig. 20, I). 

The genetical behaviour in H, hortensis variegata 
follows from the identical origins of the placental 
region and the leaf margin, just as in the variety 
nivalis. In Hydrangea, it is evident that plastids 
arc derived from the seed parent only, since the 
normal green type yields only normal green offspring 
when pollinated with polkm from the variety nivalis. 

Yet another type of H. hortensis variegata is des¬ 
cribed by Chittenden (1925), differing structurally 
from that just discussed only in the colour of the 
leaf lobes which are pale yellow instead of green ; 
this yellow colour is not evident elsewhere in the 
plant. Here again the lobes on the leaf margins 
are areas of excessive growth and all degrees of 
development are found. When fertilized with pollen 
from a green type, yellow and albino seedlings result, 
the reciprocal cross yielding green seedlings only. 
In the former cross, the proportion of yellow seed¬ 
lings is higher than would be expected from the 
ratio of yellow to white tissue in the leaf border 
—db result in conformity with that obtained in the 
variety with green lobes. If the dermatogen be 
credited with the production of yellow instead of 
green tissue, it is evident that the explanation sug¬ 
gested for the variety with green lobes apphes in 
all respects to that now under consideration. 

The hypothesis put forward to account for the 
anomalies shown by //. hortensis nivalis becomes 
more probable when it is seen that this is not a 
convenient premise for interpreting the behaviour 
of this variety alone, but is equally applicable to 
other forms of H, hortensis. It is probable that the 
tendency for the dermatogen to undergo periclinal 
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as well as anticlinal divisions is characteristic for 
the genus Hydrangea in view of Chittenden's state¬ 
ment that ‘ curiously enough, we have never seen a 
simple periclinal in Hydrangea \ According to the 
hypothesis now advanced, this fact ceases to be 
curious and becomes merely a corollary to the 
structural anomalies observed in these plants, the 
developmental behaviour that accounts for the 
anomalies precluding the formation of the simple 
periclinal pattern. 

Pelargonium zonale ‘ Golden Biilliantissima ’ (Chit¬ 
tenden 1925, 1927) shows the chlorophyll distribution 
of a dichlamydius white-over-green periclinal, i.e. 
there is a white border to the leaf and a colourless 
sub-epidermal layer over the central green area of 
the leaf and other green organs. As in other varieties 
of Pelargonium, the plastid character of the epidermis 
cannot be determined by direct observation. Th(^ 
leaf produces lobes of solid yellow tissue on its 
margin coinciding with regions of excessive growth. 
The extent and distribution of these is variable ; 
occasionally they spread into one another to form 
a continuous yellow band round the leaf margin. 
Yellow tissue has not been detected elsewhere in 
the plant. ‘ Sporting ’ is infrequent, but both pure 
green and pure yellow shoots have appeared. 

This variety is almost completely sterile, but a 
certain number of fertile seeds have been secured 
as a result of self-pollination ; these have all given 
rise to non-viable yellow seedlings, despite the char¬ 
acter of the sub-epidermal cells of the leaf. 

‘ Golden Brilliantissima ' thus appears as an exact 
parallel to that variety of Hydrangea hortensis with 
leaves having yellow lobes, and is susceptible of 
similar interpretation (Fig. 20, G, H). 

There is one difference, however, in the recorded 
behaviour in these two cases : when pollinated by 
8 
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DICHLAMYD/US 

Fig. 20.—Diagrammatic sections of stern apices and leaf 
margins of various periclinal chimaeras in Pelargonium 
and Hydrangea 

a» dermatogen and tissues derived from it; b, 2nd layer of meristem and 
tissues derived from It; c, meristematic core and derived tissues; ep, epi¬ 
dermis. Genetically green or yellow tissues are shaded; tissues in the leaf 
actually developing pigment correspond with the shaded areas except that 
the epidermis is in all cases colourless. (Of. D and E with A and B of Fig. 6) 
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a green type, the Hydrangea gives rise to both albino 
and yellow seedlings, the Pelargonium to yellow seed¬ 
lings only. 

Now in Hydrangea hortensis variegata, the leaf 
margin and the placental region are regarded as 
originating partly from the ‘ yellow ’ ^ dermatogen 
and partly from the ‘ colourless ’ layer below it, 
the cells of each layer showing activity in varying 
degree locally. In the leaf this is evidenced by the 
alternation of yellow lobes and colourless tissue at 
the leaf borders, in the placenta by the production 
of albino and yellow seedlings. There is greater 
activity of the dermatogen in formation of the 
placental rudiment than in that of the leaf margin, 
since the proportion of yellow seedlings is always 
larger than would be expected from the condition 
of margins of leaves borne on the same shoot. In 
the Pelargonium variety ‘ Golden Brilliantissima ’ 
the disproportion must be still more marked because 
albino seedlings have not been recorded as yet in 
any of the progeny. The data at present available 
are perhaps hardly sufficient to decide whether the 
placental region is formed entirely from the derma¬ 
togen or only in greater part than in the correspond¬ 
ing form of Hydrangea ; occasional albino seedlings 
may be yet found when larger progenies are available. 

Pelargonium zonale ‘ Freak of Nature ’ (Chittenden 
1925) is a well-known variegated variety put on the 
market by Messrs. Cannell in 1870 and still seen 
frequently in cultivation. The stems, petioles, and 
central areas of the leaves are white without any 
trace of an overlying green skin as in dichlamydius 

^ Not actually yellow, of course, but (tarrying genetical 
factors which confer the potentiality of developing yellow 
pigment under appropriate conditions—in contrast with the 
‘ colourless ’ layer which lacks 'this potentiality. (See foot¬ 
note p. 26.) 
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green-over-white periclinal forms. The only part 
of the plant that is obviously green is the leaf border. 
This forms a band of solid green tissue (i.e. without a 
colourless sub-epidermal layer) and is much crumpled 
owing to the excessive growth that occurs in this 
region. Often the green tissue is present as isolated 
crumpled lobes separated by uncrumpled areas lack¬ 
ing chlorophyll; flat green segments occur occasion¬ 
ally in the marginal band. The margins of stipules 
and sepals are also green, but not crumpled. Although 
the stems and petioles are usually colourless, super¬ 
ficial narrow green stripes may be present. As in 
all zonal Pelargoniums, the character of the epidermis 
in respect to chlorophyll cannot be determitied with 
any degree of (certainty by direct observation. 

White branches are freely produced as bud sports ; 
sometimes the stipules borne by such branches have 
minute grcicn flecks placed regularly along the 
margins ; more rarely such green flecks occur on 
the petioles. From flowers borne on such a branch 
two wholly green seedlings were once obtained in 
the course of e^xperiment (Chittenden 1925). 

Less frequently normal green branches aj)pcar ; 
and a branch has also been observed bearing flat 
leaves with a typical dichlamydius green-over-white 
structure, such leaves appearing pale green in the 
centre and dark green round the margin. Presumably 
the flat green segments that sometimes occur on the 
leaf margin in place of the usual crumpled condition 
characteristic of this variety possess a dichlamydius 
green-over-white structure also, although this is not 
specifically stated in the literature. Root cuttings 
yield always completely colourless plants. 

‘ Freak of Nature ’ flowers freely, but the flowers 
are completely sterile whether self-pollinated or used 
as a parent in crosses with normal green forms. In 
striking contrast, the flowers borne on the sporting 
branches, whether green, white, or dichlamydius 
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green-over-white, are fully fertile and behave genetic¬ 
ally as would be expected from their appearance. 
‘ Freak of Nature ' thus exhibits a peculiar type of 
sterility : not only are flowers on the shoots com¬ 
posed of gre^en tissue alone or of colourless tissue 
alone fully fertile, but the same green and colourless 
tissues which are fully fertile when arranged as in 
a typical green-over-white periclinal chimaera, are 
sterile when combined as ' Freak of Nature \ 

The arrangement of tissues in ' Freak of Nature ’ 
rc^sembles that in Hydrangea hortensis nwalis and a 
like interpretation of this arrangement serves in 
both cases. Assuming the correctness of this hypo¬ 
thesis, ‘ Freak of Nature ’ has a monochlamydius 
green-over-white structure at the growing-point, the 
characteristic chlorophyll distribution in the mature 
leaves depending upon derivation of the outer part 
of the leaf margins from the dermatogen (Fig. 20, B, 
C). Unfortunately, although development of leaves 
in a number of plants has been critically studied 
and there is agreement that in general the marginal 
mesophyll of the leaf is derived from the meristematic 
layer below the dermatogen, Hydrangea hortensis and 
Pelargonium zonale vars. ‘ Golden Brilliantissima ’ 
and ‘ Freak of Nature ’ have not been so studied. 
In the absence of evidence to the contrary, it is 
legitimate to assume that the exceptional arrange¬ 
ment of the tissues in the leaves of these varieties 
follows upon the exceptional mamier of development 
described. 

A feature peculiar to ‘ Freak of Nature ’ is the 
occasional occurrence of small green flecks on other¬ 
wise wholly white stems and also on the entirely 
white branches produced as bud sports. So far as 
the variety itself is concerned, these green flecks 
may be regarded as islands of slight meristematic 
activity on the part of Ihe ‘ green ’ dermatogen 
during the formation of stems and petioles, an 
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activity much more pronounced and continuous 
during the development of the leaf margins. The 
occurrence of green flecks on the white sporting 
branches is more difficult to interpret : if susceptible 
of any explanation on a basis of chimaeral structure 
at the growing-point, it would appear to indicate 
that the growing-points in such white branches as 
show this peculiarity do not consist only of white 
core tissue, but possess a mericlinal structure in 
which small islands of ‘ green' dermatogen are 
scattered throughout the otherwise ‘ white ’ vegeta¬ 
tive cone at the growing-point. By localized activity 
these might give rise to sub-epidermal tissue in the 
mature branch which would appear as green flecks, 
although they might not be sufficiently active or 
numerous to produce large green areas such as those 
at the leaf borders of the parent plant. That the 
colourless plants derived from root cuttings in which 
the ‘ white ’ tissue has had a deeper origin are not 
reported as producing green flecks is in conformity 
with this view. 

Spiraea UlTnaria variegata (Bateson 1921) offers a 
chimaeral type almost exactly similar to that in 
Pelargonium zonale ' Freak of Nature Stems, 
petioles, and centres of leaves are yellow without a 
green covering layer, whilst the leaf margins are 
solid green and often distorted. The chlorophyll 
character of the epidermis is indeterminate. The 
plant is quite sterile. 

Pure green or pure yeUow branches originating 
as bud sports have been recorded (Chittenden 1927), 
and pure yellow shoots have been obtained also from 
root cuttings. 

All the varieties so far considered in this chapter 
show anomalous features explicable on the assump¬ 
tion that the layer of meristematic cells known as 
the dermatogen undergoes active periclinal and 
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anticlinal division during formation of the leaf 
border. This hypothesis accounts satisfactorily for 
the phenomena observed, but it involves certain 
difficulties not hitherto considered. It does not 
explain, for example, why the dermatogen exhibits 
special growth activity in the formation of the leaf 
margins but not in other regions of the plant. Again, 
the fully green branches that arise as sports from 
the variegated plants do not appear to show such 
excessive sporadic growth on the part of the derma¬ 
togen, although the green tissue is presumably 
identical in both cases. Lacking a critical analysis 
of the loaf development in these green branches it 
is not possible to be certain that this is so even 
though the leaves are flat, since buckling of the leaf 
margin will not occur if overgrowth of a similar 
kind occurs simultaneously in the sub-epidermal 
layers. In the dichlamydius green-over-white sport¬ 
ing areas, whether constituting a whole branch or 
only part of a leaf, the same difficulty is encountered. 
In such areas, the epidermis and the sub-epidermal 
layer are composed presumably of the same green 
tissue that is represented by the epidermis orily in 
the parent, yet in the former the leaf margin is 
puckered whereas in the latter it is not. 

These inconsistencies may be considered, perhaps, 
as a measure of our almost complete ignorance of 
the factors that induce meristematic activity in a 
particular tissue, rather than as throwing doubt 
upon the existence of growing-points with the hypo¬ 
thetical structure and behaviour suggested. 

Pelargonium zonale ' Happy Thought ’ (Chittenden 
1925), another variety of the common bedding 
‘ Geranium ’, has stems, petioles, and the central 
areas of the leaves pale greenish-yellow in colour, 
whilst the leaf borders are Tull green. The greenish- 
yellow and the green tissues pass into one another 
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by a gradual transition and are not sharply delimited 
as in the variegated plants hitherto considered. 

The variety is fully fertile and behaves genetic¬ 
ally like an ordinary green form (Chittenden 1927) : 
root cuttings yield plants that are greenish-yellow 
throughout. It behaves, in fact, like an orthodox 
dichlamydius green-skinned periclinal chimaera 
(pp. 20, 98). 

This interpretation is beset by the difficulty that the 
stems, petioles, and central areas of the leaves lack the 
green skin characteristic of this type of chimaera. 

A clue to the condition in ‘ Happy Thought ’ is 
provided by comparison with that found in ' Mrs. 
Pollock a variety with greenish-yellow borders to 
otherwise green leaves. Examination of the tissues 
in the latter variety in conjunction with breeding 
experiments demonstrated a dichlamydius structure 
in which a green core was enclosed within a 
greenish-yellow skin. It was observed, moreover, 
that the peculiar greenish-yellow tissue constituting 
the skin of ‘ Mrs. Pollock ’ exerts a bleaching action 
on neighbouring green tissues, so that the transition 
from one to the other is gradual. 

It seems probable that ‘ Happy Thought ’ and 
‘ Mrs. Pollock ’ are reciprocal forms with reversed 
patterns (p. 114), the core of the former being com¬ 
posed of the same greenish-yellow tissue that forms 
the skin in the latter. Thus, the skin of ‘ Happy 
Thought ’ is genetically green, but this is not apparent 
because the chlorophyll is bleached by some substance 
produced in the underlying core tissue : a similar 
bleaching action occurs in ‘ Mrs. Pollockbut owing 
to reversal of the ratio of greenish-yellow to green 
tissue, a large proportion of the green tissue remains 
unbleached. 

An analogous case involving spread of a substance 
from the cells of one component into those of the 
other is described by Demerec (1931). In respect 
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to the petals of a variety of Delphinium ajacAs with 
colour-flaked flowers, he concludes ‘ that the light 
purple colour of the cells on the borderline of purple 
spots is produced by some substance which diffuses 
from the dark purple cells into the adjacent pink 
cells. A study of cell lineage supports that assump¬ 
tion.’ The lack of sharpness between the white and 
green areas in the periclinal chimaera Euonymus 
japonica aureo-ynargimita as noted by Rischkow (1931) 
is probably due to a like cause. 

Several other species include forms which bear a 
superficial resemblance to the Pelargonium, ' Happy 
Thought ’. It must not be assumed that all behave 
in the same way. The variegated form of Sedujn 
Sieboldii, for example, resembles ‘ Happy Thought ’ 
in genetical behaviour and a similar explanation 
doubtless applies : the variegated Kales —forms of 
Brassica oleracea —on tlu^ other hand, although 
similar in appearance to ‘ Happy Thought ’, repro¬ 
duce the variegated type both from seed and from 
root cuttings, so that their appearance is not due to 
an association between two components genetically 
different from one another, but to the presence of 
a ‘ variegation factor ’ carried by the nucleus. These 
two cases serve to emphasize the sharp contrast in 
the behaviour of plants such as Tropeoelum sp. in 
which variegation is inherited as a Mendelian factor 
(p. 28) and those in which the variegation is due to 
chimaeral structure. In the former, the variegated 
pattern results from the differentiation that accom¬ 
panies normal growth and does not involve a differ¬ 
ence in genetical constitution; in the latter, the 
parts of the pattern possess an unlike genetical 
constitution. It is not possible to distinguish between 
these two kinds of variegation by casual inspection, 
since a like appearance may result from either cause. 

Pelargonium zonule ' Mme Salleron ’ (Chittenden 
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1927) is a variegated form having white bordered 
leaves : the sub-epidermal layer is colourless and 
root cuttings yield entirely green plants. These 
facts are in conformity with a dichlamydius white- 
over-green structure. On several occasions, in the 
course of cultivation, bud sports have appeared ; 
these have been either pure green or with the com¬ 
ponents of ‘ Mme Salleron ’ reversed, i.e. the green 
component forming a two-layered skin over a colour¬ 
less core thus giving leaves with light green central 
areas and dark green borders. 

In these vegetative features ‘ Mme Salleron ’ shows 
nothing exceptional: its peculiarity consists in an 
inability to produce flowers. In contrast, the ex¬ 
tracted green branches and those showing reversal 
of green and colourless components possess this 
capacity, although the flowers in both cases are 
completely sterile. It would appear, therefore, that 
the colourless component suppresses formation of 
sterile flowers by the green component when it 
occupies the position of a two-layered skin, but not 
when it forms the core of the chimaeral combination. 
No satisfactory explanation has yet been offered for 
this anomalous behaviour. 

Pelargonium zonale ‘ Golden Flame ’ (Bateson 1921, 
Chittenden 1927). The green-leaved variety of Pelar¬ 
gonium put on the market by Messrs. Jarman under 
this name, referred to sometimes by Bateson as 
‘ Salmon Fringed differs vegetatively from the 
normal type of Pelargonium in having leaves that 
are stiff and buckled with a shiny surface : the pale 
pink flowers have narrow laciniate petals, and the 
pistils are not functional although the stamens are 
normal and produce fertile pollen. 

Adventitious shoots of normal type frequently 
arise ; they bear leaves with a flat lamina and dull 
matt hairy surface, and fully fertile flowers of a fuU 
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red colour having petals of normal shape. Normal 
plants of similar type are derived from root cuttings. 
Flowers borne on shoots of the normal type, derived 
from root cuttings or adventitiously from the stem, 
when self-pollinated or pollinated from ‘ Golden 
Flame \ yield only plants of the normal kind. Such 
behaviour is consistent with the possession of a 
monochlamydius periclinal structure : the anomalous 
features shown by tliis variety are thus duo to pecu¬ 
liarities confined to the dermatogen. 

The buckling of the foliage, not observable in 
plants derived from root cuttings, recalls the analo¬ 
gous condition in the petals of the variety ‘ Escot ’ 
(p. 91) attributed there to some unconformity of 
growth between skin and core. 

Pelargonium zomile ‘ Double New Life ’ (Bateson 
1926) is another green-leaved variety, differing from 
the normal only in the possession of small double 
flowers with red petals and small inner white petaloid 
structures. The flowers bear fertile pistils but have 
no stamens, the latter presumably being represented 
by the white petaloid structures. 

The plants frequently give rise to branches bearing 
single red flowers of normal form which are fully 
fertile and resemble those in the variety ‘ Vesuvius 
plants similar to such branches being also derived 
from root cuttings. Flowers on plants of either 
origin, when self-pollinated, give only progeny bear¬ 
ing fully fertile flowers resembling those of the 
parents. A similar genetical result is observed when 
flowers of ‘ Double New Life ’ are pollinated from 
flowers borne on normal flowered plants, either 
originating from root cuttings, or of some other 
variety. 

Such behaviour is consistent with the hypothesis 
that this variety is a monochlamydius periclinal 
chimaera with a normal hermaphrodite core. This 
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interpretation involves the surprising assumption 
that a one-layered skin can transform normal stamens 
into petaloid staminodes. 

Pelargonium zonule ‘ Klein(>r Liebling ’ (Bateson 
1926) ; a small green-leaved, slender-stemmed, bushy 
variety bearing an abundance of small sterile flowers 
having pale pink petals with a white edge ; stamens 
lacking and carpels not functional. 

From root cuttings are derived plants that are 
stouter in habit and have deep pink flowers of larger 
size that are fully fertile. These are the features 
characteristic of the component forming the core. 
In ‘ Kleiner Liebling ’ the skin induces complete 
sterility, reduction in size of the flowers and a more 
restricted habit of growth. 

It is hoped that th(‘ present chapter, as some 
amends for its rather disconnec^tenl character, may 
serve the useful purpose of emphasizing how great 
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is the range and variety in chimaeral structures. 
Throughout this diversity a frequently recurring 
phenomenon is some degree of sterility, or even 
suppression of flower produ(;tion altogether. For 
comparison, some examples of chimaeral combina¬ 
tions exhibiting sterility are given in the accompany¬ 
ing Table 11. 



CHAPTER VIII 


GENERALIZATIONS CONCERNING VARIEGATED PLANTS, 
HYBRIDIZATION CHIMAERAS. CHROMOSOMAL 
(^HTMAERAS. STIMULI INFLUENCING THE PRO- 
DUCTION OF CHIMAERAS. GENERAL SUMMARY 

M uch of our information concerning periclinal 
chimaeras has been derived from a study of 
variegated plants and naturally so, since the dis¬ 
tribution of the components is readily observed when 
the}^ are distinctive in colour. Variegation may be 
due to causes other than chimaeral structure ; ^ 
excluding such cases, it is justifiable to regard the 
behaviour of variegated plants as typical of that of 
chimaeras in general. Hence a survey of the var¬ 
iegated varieties of plants in cultivation is an easy 
and rapid way of learning any general tendencies 
characterizing chimaeral arrangements. 

In monochlamydius chimaeras the skin usually 
maintains a uniform thickness all over the plant. 
There are exceptions to this generalization— 
e.g. Hydrangea Jiortensis nivalis and Pelargonium 
zonale ' Freak of Nature ’—but they seem rare. 

The two-layered condition existing at the growing- 
points of dichlamydius forms, while often main¬ 
tained with fair consistency over the stems and the 
centres of foliar organs, frequently shows considerable 
and variable modification in thickness in other parts, 
notably in the leaf margins and fruits. So far as 
fruits are concerned, characters other than the 

1 A survey of the causes that lead to the production of 
variegated foliage is given by P. E. Weiss, Pres. Add. Lin. 
Soc. Lond., 1933. 
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distribution of chlorophyll must be studied, but 
comparative examination of variegated plants makes 
evident how greatly dichlamydius chimaeras differ 
from one another as to the extent of the leaf area over 
which a skin of uniform thickness is maintained. 
Thus in some species, such as holly, box, and some 
varieties of Pelargonium, the two-layered condition 
persists over a large and fairly constant proportion 
of the leaf, with the result that the white border of 
the leaf, which indicates thickening of the two¬ 
layered skin, is narrow and of uniform width. 

In other cases there is great inconstancy in the 
width of the leaf border, pointing to a corresponding 



Fig. 21.—Variegated Pelargonium leaf; diagram of trans¬ 
verse section at region of ‘ reversal ^ 

Green tissue shown as dark ahadinp:. e, epidermis ; s, sub-epidermal layer 
(See Massey 1928) 

variation in the extent of the area over which thicken¬ 
ing of the skin takes place. On the whole, the 
white-skinned forms show greater uniformity in 
thickness of the skin than green-skinned forms. The 
former type is, on the whole, the commoner and 
although ‘ reversal’ (p. 114) from white-over-green to 
green-over-white has been recorded on several 
occasions,^ reversals of the opposite kind have not 
been observed. 


^ Bateson (1919) mentions five white-over-green varieties 
in which reversal has been observed : Euonymm japonicus 
UUifoUm, Coprosma Bauri, and three Pelargonium varieties* 
viz.: ‘ Mme Salleron \ ‘ Caroline Schmidt ’ and an ivy-leaved 
form (unnamed). 
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The accompanying diagram (Pig, 21), which repre¬ 
sents a transverse section of a white-over-green leaf 
the right side of which has become reversed, gives 
some idea of what reversal involves. Passing from 
left to right it will be noticed that the sub-epidermal 
layer on the upper side of the leaf becomes green at 
the corresponding region that the colourless zone 
on the lower side changes its position from the sub- 
epidermal to a more deep-seated position. 

The cause of the reversal would seem to be some 
change in the growing region during early develop¬ 
ment of the leaf, although Noack (1922, 1924) has 
suggested an alternative hypothesis. He maintains 
that the formation of green and white tissue is not 
predetermined in the growing region but depends on 
loc^al conditions which throw the balance on one side 
or the other in a tissue which is in an ‘ indifferent 
labile condition Noack also holds that somatic 
segregation occurs afresh at the formation of each 
leaf, resulting in a chlorojdiyll disposition in the leaf 
independent of that in the stem on which it is borne. 
For several reasons, however, ‘ this interpretation 
appears to be inconsistent with the facts ’ (Chittenden 
1927, p. 399). 

The type of variegation met with in the leaves 
of many monocotyledons, e.g. OplismeniLS hirtdlus 
( = Panicum variegata), in which alternate strips of 
green and colourless tissue occupy the full thickness 
of the leaf, cannot be derived at all readily from any 
periclinal structure at the growing-point. Collins 
(1922) has investigated the variegated forms of 
Chlorophytum datum and C, comoaum. He does not 
consider the distribution of green and colourless tissue 
in the leaves can be explained by any periclinal 
arrangement of green and colourless components at 
the growing-point and suggests that the green and 
colourless cells arise by orderly somatic segregation 
from a ‘ mixed ’ growing-point. 
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Although easo8 of orderly segregation are not 
unknown (p. 35) they are rare : it is perhaps pre¬ 
mature to resort to such an explanation until the 
structure and activity of the monocotyledonous 
meristem has been more thoroughly investigated. 
It has also been suggested that the growing-points of 
such monocotyledons as show variegation in the 
leaves may have a sectorial rather than periclinal 
structure (Rossler 1928), an hypothesis involving many 
difficulties. 

I Another class of chiniaeras not covered by the 
hypotheses discussed in the preceding pages is that 
in which a cliimaf^ral structure appears as a conse¬ 
quence of hybridization. 

Apart from cases such as Baur’s mosaic race of 
Pelargonium in which variegated seedlings result 
from the crossing of green and albino races (p. 24), 
there are others in which each of the parents con¬ 
cerned in the cross is fully green and yet all or a 
proportion of the offspring are variegated ; there are 
instances, moreover, of hybridization resulting in the 
appearance of chimaeral structure involving char¬ 
acters other than presence or absence of chlorophyll. 

It is of historical interest that cases of the kind 
were noted by C. Darwin (1868,11, p. 425) : ‘ Hybrids 
were raised by Gartner between Tropaeoleum minus 
and majus which at first produced flowers inter¬ 
mediate in size, colour and structure between their 
two parents, but later in the season some of these 
plants produced flowers in all respects like those of 
the mother form, mingled with flowers still retaining 
the usual intermediate condition. , . . Naudin 
raised forty hybrids from Datura loevis fertilized by 
D. 8tromonium ; and three of these hybrids produced 
many capsules of which a half or quarter or lesser 
segment was smooth and of small size like the capsule 
of the pure D. loevis, the remaining part being spinose 
and of larger size like the capsule of the pure D, strorm- 
9 
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niurn : from one of these composite capsules, plants 
perfectly resembling both parent forms were raised.! 

Langley Smith (1915) mentions that in the cross 
Pelargonium denticulatum X P. filicifolium all the 
progeny were variegated ; Dahlgren (1923) obtained 
the same result in the cross Geranium hohemicum x G. 
deprehensum which he explained as due to failure 
of the plastids of one or other species to function 
in cells containing maternal cytoplasm and hybrid 
nuclei. 

) A well-known case is that described by Renner 
924, 1929) in the genus, Oenothera, following an 
observation made by de Vries (1905) much earlier. 
In the cross Oe. Lamarckiana x Oe, Hookeri, about 
15 per cent of the progeny were variegated j[i:e,wgr.een 
and yellow nxpsaic). The reciprocal cross, with 
Oe, Hpoh^i m seed parent, yielded green seedlings 
onlyT Renner attributed the appearance of the 
variegated seedlings - in the former cross to the 
occasional passage of plastids from the male parent, 
Oe. Hookeri, into the egg cell at fertilization, and the 
failure of such plastids to develop chlorophyll in the 
foreign cytoplasm. Whenever such exceptional pas¬ 
sage of plastids from the pollen grains occurred, the 
fertilized egg cell would contain plastids of Oe, Lam- 
arckiana with a capacity for developing chlorophyll 
together with plastids of Oe. Hookeri which could 
become only yellow in the environment of Lamarckiana 
cytoplasm. As previously explained (p. 26), succes¬ 
sive divisions of a cell containing two kinds of plastids 
may lead in time to the differentiation of tissue 
masses with one kind of plastid only.i 
I C hromosoma l chi maer as appear not infrequently as 
a* reguir"olThyfo instance^TTre^^ by 

HoUmgshead (1928) in the crosses Crepis biennis X C. 
^selosa and G, biennis X G, bureniaim, and by Kos- 
toff (1930a) in the cross Nicotiana glauca x N. langs- 
dorffii. It is obvious that crosses betw^n different 
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species, in that they frequently result in offspring 
with abnormal chromosome numbers, will provide 
conditions specially favourable to the origin of 
chimaeral structure by mutation (p. 98). Besides 
hybridization, any other condition influencing the 
process of nuclear division may lead to the production 
of chimaeral structure. Such irregular nuclear 
divisions have been recorded under the influence of 
abnormal temperature conditions and of chemical 
agents (Gerassimow 1905), X-rays (Hertwig 1927, 
Goodspeed 1929), Crown-gall infection (Winge 1927), 
insect gall infection (Kostoff and Kendall 1929), &c.^ 

In the present volume the aim has been not to 
provide a complete record of every plant described 
as a chimaera or graft hybrid, but rather to illustrate 
different types of structure by study of those cases 
most thoroughly investigated. The following tabular 
summary attempts to collate the facts and hypotheses 
that have been discussed. 

Descriptive 

(1) Individual plants may be built up of two or 
more (p. 53) genetically different components arranged 
in a pattern more or less stable during the life of 
the individual. Such plants are chimaeras. 

(2) Among chimaeral patterns may be distinguished 
(a) sectorial, (6) periclinal, (c) mericlinal, (d) patterns 
described completely by none of these terms. 

(а) have but slight stability and tend to change 

over into (b) which are far more 
stable. 

(б) include the majority of stable chimaeras. 

The skin may be one or several layers 
thick ; great constancy characterizes skins 
belonging to the former type, those belong¬ 
ing to the latter may sometimes show 



124 


PLANT CHTMAERAS 


considerable variation in thickness over 
different areas (pp. 18, 118). 

(c) may be regarded as intermediate between 

(a) and (6). Frequently this is the form 
in which a chimaera first makes its appear¬ 
ance ; it tends to give rise to (h) (pp. 18,47). 

(d) exemplified by Pelargonium ‘ Freak of 

Nature ’ (p. 107), variegated varieties of 
Hydrangea hortensis (p. 99), &c. 

In all four classes, branches pure for one or other 
component may arise spontaneously ; reversal of the 
pattern sometimes occurs (pp. 114, 119). 

Chimaeral structure has not been recorded in 
roots : if it occurs at all it is extremely rare and, 
owing to the manner of growth of the root system, 
its existence is transitory (p. 54). 

(3) Possession of a pattern is not in itself evidence 
of a chimaeral structure. Patterns are due to various 
causes and the component parts of all patterns do 
not necessarily differ genetically as do the com¬ 
ponents making up a chimaera (p. 28). 

Origin 

(4) Chirnaeras may be produced by the simple 
process of placing the tissues of two different plants 
in contact with one another : these unite and grow 
as a single unit, the two components maintaining 
their identities as do stock and scion (p. 14). Origin 
in this manner is most unlikely in nature, although 
often promoted artificially without difficulty. 

(5) In nature, chirnaeras probably arise most 
frequently by a sudden and exceptional vegetative 
change or somatic mutation affecting a particular 
tissue and not the whole of an organ, both genetical 
types being perpetuated during subsequent vegetative 
growth (p. 93). 

(6) The following agencies have been held by 
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various observers to be exciting causers for the pro- 
(liKjtion of chimaeras in different cases : hybridization 
(p. 121), fusion of genetically different vegetative 
(;ells—producing a ‘ graft hybrid ’ (p. 29), orderly 
vegetative segregation during development (p. 120), 
special stimulus in the environment such as high or 
low temperature, chemical agents. X-rays, &c. (p. 123). 

(7) Localized islands of anomalous tissue not 
infrequently appear, the nature of which must often 
remain obscure, sinc.*e their position on fruits, leaves, 
&c., makes their propagation and study of their 
growth-behaviour impossible. If such anomalous 
areas rt^present a genetical difference in the tissues, 
the chimaeral vStructure is presumably the result 
of local somatic mutation or somatic segregation : 
often, however, they are to be interpreted merely 
phenotypic and due to local physiological conditions 
(p. 94)*. 

Perj)eUmtion 

(8) In most of the cases in which a chimaeral 
pattern in the mature organs is retained during the 
vegetative growth of the plant, the production of this 
pattern can be ascribed to the activity of a stem 
growing-point possessing a correlated pattern. The 
pattern at the growing-point may be sectorial, 
mericlinal or periclinal: in the two latter, the thick¬ 
ness of the skin is defined by the terms monochla- 
mydius, dichlamydius, &c. (p. 18). When the skin 
consists of more than one cell layer, these are not 
necessarily alike (p. 103). 

The thickness of the skin in the mature organs 
derived from such growing-points must be at least as 
great as that at the growing-point itself; in the 
development of certain organs (e.g. leaf margins and 
fruits) the thickness of the skin may become much 
greater owing to the occurrence of periclinal divisions 
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of the skin tissues (pp. 20, KK)). Sometimes the skin 
and core elements become interlaycred (p. 55). 

(9) Seedlings derived from self-pollination of a 
chimaera do not reproduce the chirnaeral pattern. 
Monochlamydius chimaeras usually yield seedlings 
like the core, dichlarnydius and higher grades give 
seedlings corresponding to the skin component. 
Exceptionally, the offspring of monochlamydius 
chimaeras may resemble the skin component owing 
to the occurrence of periclinal divisions in the 
dermatogen. 

(10) Plants derived as root cuttings from periclinal 
forms ar(j always composed entirely of the com¬ 
ponent forming the core (p. 87). 

(11) As alternative to the ' chirnaeral hypothesis ’ 
alluded to in section 8, which regards the pattern in 
the mature plant as predetermined by a correlated 
structure of the growing-point, the ‘ graft-hybrid 
hypothesis ’ has been put forward. This requires 
(a) that nuclear fusion should occur between genetic¬ 
ally different vegetative cells, and (b) that segregation 
of parental characters should take place during 
development of the tissues subsequently formed (p. 33). 
There is no evidence that such nuclear fusions as 
predicated ever occur although they are theoreticallj’^ 
possible ; there is evidence that in rare cases orderly 
vegetative segregation may take place (p. 35). Origin 
of graft hybrids in accordance with this hypothesis, 
therefore, although possible is improbable (p. 34). 
If graft hybrids do arise in the manner suggested, 
there is no reason to suppose that segregation of the 
parental characters need necessarily take place to 
form a chirnaeral structure, any more than it usually 
follows the union of two sex-cells. 
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Abutilon, virus in, 7 
Aecidium, 82 
Agglutination, 10 
Almond, 83 
Amygdala-peraica, 82 
Antibody, 10, 31 
Antigen, 10 

Antirrhinum, variegated, 27 
Aquilegia, variegated, 28 
Artichoke, grafts of, 0 
Auto-regulatory reduction of 
chromosomes, 44 

Bacteria, induced immunity to, 
11 

Beta, grafts of, 7 
Bizzarria orange, 57 
Bouvardia, 89, 90 
Braasica, variegated, 113 
Bryophytes, 85 

Bud-sports, following genotical 
change, 59, 92, 94 
following spacial rearrange¬ 
ment, 19, 96, 99, 102, 105, 
108, 110, 114, 115 [see 

reversion) 

Burdo, definition of, 30 

Capsicum, variegated, 27 
Chimaeral hypothesis of Baur, 
13, 20 

— criticism of, 22 
Chimaeral stability, 15, 18, 19, 

24 

Chimaeras, chromosomal, 51, 
122 

— classification of, 38 

— dichlamydius, 18, 54, 55, 103 
-- diplochlamydeous, 18 

— economic importance of, 56 

— experimental graft, 13, 38, 

47, 52 

— fungal, 84, 86 

— haplochlamydeous, 18 

— hybridization, 38, 121 

— mericlinal, 18, 47, 64, 83, 94 

— monochlamydiua, 18, 64, 55, 
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Chimaeras, poriclinal, 17, 47, 54 

— polychlamydius, 18 

— polyclinal, 53 

— sectorial, 9, 15, 16, 18, 38, 54 

— trichlamydius, 54, 55 
Chlorophytum, 27, 120 
Citrus^ 58 
Cladosporium, 78 
Coleus, grafts of, 7 
Coprinus, 85 

Coprosmn, variegated, 119 
(lore, 18 {footnote) 
Crataeyo-mespilus, forms of, 
22, 65, 76, 77, 79 
Crataegus. 66, 77 
Crepis, 122 
Crown-gall, 123 
Cydonia, 79 
Cytiaus, 60 

Dahlia, grafts of, 7 
Datura, 121 
Delphinium, 35, 113 
Dtuninant sport from recessive 
form, 96 

Euonymus, 65, 113, 119 
Evorsporting races, 98 

Frost resistance, 56 

Fungus diseases, 56, 77, 78, 82 

Gardenia, V)ranch cuttings of, 36 
Geranium, 122 

Graft hybrid hypothesis, 29, 32 

— criticism of, 33 
Grafting, advantages of, 6 
Grafts, circumstances control¬ 
ling formation of, 3 

~ interaction of stock and 
scion, 5, 11, 30 

— protoplasmic connexions in. 

Grape, grafting of, 5 
Oymnosporangium, 77 

Haploid plants, production of, 
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Hawthorn, 60 
Ilelimithus, graftH of, 6 
Hyacjinth, 15 {footnote) 
Hydrangea typos, 99, 102, 104 
HyporchiTnaera. definition of, 31 

Immunity reactions, l(i 
Insect galls, 123 

Kales, variegated, 113 

Laburnum, 60 

Lateral branches, characters re¬ 
tained in cuttings, 36 
Leaf, origin and development 
of, 22, 41, 78 

Lupin, plastids in pollen tube. 


Maize, mosaic races in, 35 
Medlar, 66 
Mespilus, 66 
Mirahilis, variegated, 27 
Mixochimaeras, 84, 85 
Mutation, 45, 92, 94, 103 

Notstarino, 96 
Nicotiana, 91, 122 
Nightshade. 13, 38, 42 
Non-Mondclian inheritance, 27 

Oat, 98 

Oenothera, 27, 122 
Olive, infection in, 11 
OpUamenus, variegated, 120 
Oxydase reactions, 64 

Panicurn, variegated, 120 
Peach, 83, 96 
Pear, 79 

Pelargonium, species cross, 122 
--- mosaic race, 15, 19. 24, 32 

— various varieties, 12, 19, 22, 

23, 32, 91, 105, 107, 111, 
112, 113, 114, 115, 116, 119 
Phycornyces, 84 
Phylloxera, 5 
Phytophthora, 50 
Pinus, 27 

Plantago, variegated, 28 
Plastids, in male gamete, 25, 27, 
122 

— segregation during cell divis¬ 

ion, 26 


Polyploid rac^es, 45, 51 
Precipitin reaction, 10 
Primula, variegated, 27 
Pteridophytes, 85 
Pyro-cydonia, forms of, 79, 82 
Pyrtw] 11, 79 

Quince, 79 

Rod Currant, 96 
Reversed patterns, 112, 114, 119 
Reversion, 19, 41, 62, 66, 96 
‘ Rogue ’ peas, 35 
Root, chimaeral structure in, 5 
Root cuttings of y3ericlinal chim 
aeras, 87 {.see Bouoardia 
Pelargonium) 

Sedum, 113 

Segregation, somatic, 29, 32, 35, 
59, 92, 94, 120 
Septoria, 78 

Sox cells, position of origin in 
Angiosperms, 20, 42 
Skin, 18 (footnote) 

Skin, variation in thickness of, 
19, 20, 55, 69, 76, 100, 103, 
109, 118 

Solanurn chimaeras, 13, 22, 38 
47, 52, 78 

Spiraea, variegated, 110 
Sterility relations, 42, 44, 49 
62, 69, 80, 101, 102, 105 
108, 110, 114, 117 
Simfiower, grafts of, 6 

Temperature stimulus, 123 
Totraploid plants, production 
of, 46, 49, 50 
Tomato, 13, 38, 50 
Tropaeolum, 28, 121 

Variegation, as Mondelian faci 
tor, 28 

— due to virus disease, 7 

— general survey, 118 

— physiological, 94 
Verbema, 35 

Virus disease, 7 

Viseum, 11 

Wheat, 36, 96, 98 

X-rays, 123 
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